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ERRATA. 

Page 13, Seventh line from the bottom, for where read when. 

1^ Third line from the top, substitute a comma for a semicolonf after 
*< aqueduct.** 
Fourth line from the top, substitute a semicolon for a commOf after 
" mills.** 
62) First line, delete the words, ** for the purpose of ascertaining and 
fixing." 
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BBIEF ACCOUNT 



OF THK 



SHAWS WATER SCHEME. 



It is but too well known that Greenock has hereto- 
fore been so ill supplied with water, that, during every 
dry season, it had to be carted from a distance for the 
ordinary supply of the inhabitants. 

To remedy this, several surveys were made, at dif- 
ferent times, by different Engineers, but without effect 
till 1824, when, at the desire of Sir Michael Shaw 
Stewart, Mr Thom inspected all the grounds in the 
vicinity of Greenock, and found that it was practica- 
ble, not only to give the contemplated supply of Wa- 
ter to the inhabitants, but such a supply as would 
also impel Machinery ^ to an extent at least equal to 
all the Machinery then impelled hy Steam Power in 
and about Glasgow. — See Mr. Thom's Report, 22d 
June, 1824. 

In consequence of this Report, and under the im- 
mediate auspices of the late Sir Michael Shaw Stewart, 
and of his son and successor, the present Sir Michael, 
a Joint Stock Company, with a capital of thirty one 
thousand pounds, was incorporated by Act of Parlia- 
ment, for carrying the plan into effect. 
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For the information of Proprietors at a distance, 
and others interested, we subjoin a Plan of the whole, 
with a brief description of the present state of the 
Works, and their capability of farther extension ; to- 
gether with copies of the Feu Charter and Regulations 
to be entered into between the Company and the 
Feuars of Mill Sites ; also, tables of the contents of 
the several Reservoirs, at various depths, from low to 
high water" mark ; with drawings and descriptions of 
the various self-acting sluices employed in collecting, 
economizing, and bringing home the water to the Mills. 

The compensation reservoir, the auxiliary reservoir 
No. 3, the main aqueduct, (something more than six 
miles in length) and the eastern line of mill leads, 
were finished early in April 1827, and on the l6th 
day of that month the water, from the great reservoir, 
was brought along the aqueduct, and down this eastern 
line to the Baker's Mill ; which has ever since been 
supplied at the rate of twelve hundred cubic feet per 
minute for twelve hours in the day, agreeably to the 
regulations. Other three Mill Sites have also been 
feued on this line, and the necessary erections are in 
a considerable state of forwardness. 

The embankment of the great reservoir, which is 
60 feet high from the bottom of the rivulet, is now 
very nearly, and in a few months will be entirely fin- 
ished. 

This jeservoir contains two hundred and eighty four 
millions, six hundred and seventy eight thousand, five 



hundred and fifty (284,678,550) cubic feet of water ; 
and covers two hundred and ninety four and three 
fourths imperial acres of land. 

The compensation reservoir contains fourteen mil- 
lions, four hundred and sixty five thousand, eight hun- 
dred and ninety eight (14,465,898) cubic feet of wa- 
ter ; and covers about forty imperial acres. Its em- 
bankment is 23 feet high from the bottom of the rivu- 
let. 

The auxiliary reservoir. No, 3, contains four mil- 
lions, six hundred and fifty two thousand, seven hun- 
dred and seventy five (4^652,775) cubic feet of wa- 
ter ; and covers about ten imperial acres. 

The other auxiliary reservoirs, Nos. 1, 2, 4, 5, and 
6, are now about to be formed, and will contain some- 
thing more than six millions cubic feet of water. 

Thus, the reservoirs already formed, contain three 
hundred and three millions, seven hundred and nine- 
ty seven thousand, two hundred and twenty three 
(303,797,223) cubic feet ; and when the other five 
auxiliary reservoirs are finished, the whole will contain 
above three hundred and ten millions (310,000,000) 
cubic feet of water.* 

The whole annual supply, originally estimated by 
Mr Thom to be brought to Greenock, was six hun- 

* The regulating reservoir at the Whin-hill, contains cubic 

feet of water, and is to be enlarged to something more than double its 
present capacity ; but as its chief use is a« a regulator, its contents have 
not been here taken into the calculation^ 
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dred millioiM (600,000,000) cubic feet. The Com- 
pany have stipulated to supply the east line of Mills 
with twelve hundred (1200) cubic feet per minute, for 
three hundred and ten days, (of twelve hours each) in 
the year ; and it is intended to give an equal supply 
to the west line. This will amount to five hundred 
and thirty five millions, six hundred and eighty thou- 
sand (535,680,000) cubic feet annually^ Taking the 
population of Greenock at 25,000, and allowing for 
each individual two cubic feet a day, this will require 
eighteen millions, two hundred and fifty thousand cu- 
bic feet annually ; which leaves, of the original six 
hundred millions, forty five millions, seventy thousand 
(45,070,000) cubic feet annually, for the public works 
and other purposes. 

But the experience of the two last years has proved 
that the available drainage into the various reservoirs 
now formed, is above seven hundred millions of cubic 
feet annually ; and it will be observed that the reser- 
voirs are capable of containing a full supply for the 
whole consumpt for more than six months ; so that 
not only the surplus waters of one wet season may be 
retained for supplying the dry season of the same year, 
but the surplus of several wet years stored up to sup- 
ply a drought of several years duration, should such 
ever occur. — And as Mr Thorn has shewn^ that ad- 
ditional drainage, to great extent, might still be 
made available Jbr these works, any doubt of a full 
supply of water, at all times and in all seasons, to an 
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extent much beyond what has been stipulated for b^ 
the Company, is altogether out of the question. 

The water for the supply of the inhabitants, sugar 
works, and others requiring pure water, is collected 
into reservoirs, set apart for that purpose, and as lit- 
tle as may be of moss water admitted into them. A 
separate aqueduct has also been made to carry this wa* 
ter to the filters, just above the town, where a basin 
has also been made, large enough to contain something 
more than a day's supply of the filtered water* This 
aqueduct, which is fully fifteen inches square, is per* 
fectly water tight ; being formed with stone, nice- 
ly joined and cemented } and costs something less 
than one third the price of a cast iron pipe of equal 
capacity. Wherever the pressure is not great, such a 
conduit is preferable to an iron pipe ; as the water by 
passing over stone is rather improved than injured, 
which is not the case with iron. In this aqueduct, 
(which is deep enough in the earth to avoid the frost 
of winter and heat of summer,) cess pools are formed 
for the deposit of sediment *, it being desirable that 
the water should be as pure as the nature of things will 
permit before it enters the filters.** The medium 

* Because the less sediment there is in the water when it enters the 
filter, the more watiw will the filter produce : and with regard to moss 
water, or water in which such matter is distolvedf the substance used to 
remove such matter, will, in time, become saturated, and must then be 
exchanged ; and as this is expensive, there should no moss water be al- 
lowed to enter the filters that can be prevented. 
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through which the water percolates in these filters has 
been made such, as not only to detain any sediment 
that may remain^ but also the colouring matter of moss 
water and other similar impurities, should there chance 
to be any such. 

Three filters are now formed : each is fifty feet 
long, twelve wide, and eight deep* The water is 
made to percolate through them, either upwards or 
downwards^ at pleasure. When it percolates down- 
wards, and the supply of filtered water becomes sen- 
sibly less — ^which, after some time,, must happen to 
every filter, by the lodgement of sediment — ^then, by 
shutting one sluice, and opening another, the water 
is made to pass upwards with considerable force, and, 
carrying the sediment along with it, falls into a waste 
drain made for that purpose. When the lodged sedi- 
ment is thus removed, and the water begins to run 
clear, the direction of the sluices is again changed, 
and the filter operates as before. 

If the water usually percolates upwards, then, as 
before, when the quantity of filtered water falls short, 
one sluice is shut and another opened, and the water, 
passing downwards with considerable force, carries the 
sediment along with it into the waste drain. In either 
case, the sediment is removed, and the filter again at 
work in less than an hour. This much sought for de- 
sideratum in filters has, therefore, at last been found ; 
and Greenock is now supplied with abundance of pure 
water, at the very low rate of 6d, the pound of rental. 
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being only half the price paid in Edinburgh and Glas- 
gow. 

The distinguishing characteristics of this scheme 
are the following : — Instead of erecting works on na- 
tural waterfalls, on the banks of rivers, in remote and 
almost inaccessible places, where immense capital must, 
in the first instance, be expended in forming roads 
and houses for the work people, as well as a heavy and 
perpetual charge for carriage to and from the seat of 
trade, — ^the water is carried, by an aqueduct^ from the 
river and reservoirs, to a populous sea-port town, with 
a redundant unemployed population, where roads, har- 
bours, piers, and every thing requisite for the most 
extensive trade and manufacture, are already formed. 
Besides, by thus forming artificial waterfalls on advan- 
tageous grounds, every inch of fall, from the river or 
reservoir to the sea, is rendered available ; whereas, 
by the former mode, only a very small part of the fall 
could, in general, be employed. In the present case 
a fall of 512 feet has been made available, of which 
not more than 20 was formerly occupied, or thought 
capable of being usefully employed. But, besides the 
immense advantage thus gained by increasing the fall, 
a still greater advantage is obtained from the greatly 
increased, and perfectly uniform, supply of water ; by 
the adaptation of the various reservoirs, aqueducts, ba- 
sins, and self-acting sluices — as will be seen by the de- 
scription of the parts which they respectively perform. 

It has already been stated that the reservoirs have 



14 

weather sluices,* of equal apertures, are placed ; the 
whole six being calculated to pass exactly the quantity 
of water required for the Mills, and other purposes at 
Greenock. A similar weather sluice, (but to act also 
as a waster when necessary,) is placed upon the lower 
end of the tunnel of the auxiliary reservoir No. 3, 
and a common hand sluice at its upper end ; and si- 
milar sluices will be put upon the other five auxiliary 
reservoirs when completed. 

On the aqueduct, wherever rivulets are intercepted 
by it, self acting wasters are placed, to pass the sur- 
plus water of ejctraordinary Jloods into the former 
beds of these rivulets. 

On the upper end of the tunnel (K I near K) be- 
tween the Whinhill reservoir (K J) and the basin (I L) 
just below, a common upright lifting sluice is placed ; 
and, on its lower end, (near I) a self acting sluice ;t 
which last keeps the water in this basin (I L) uniform- 
ly at a given height— and acts also as a waster when 
the reservoir gets too full. In the partition which se- 
parates this ba^iin (I L) from the mill lead, (M) an 
aperture (L) is made which, with the water in the 
basin at the assigned height, passes exactly the stipu- 
lated quantity into this lead. On this aperture (L) a 
self acting valve is fitted, which opens whenever the 

* The construction of these weather sluices is similar to those of 
fig. 8 in the Appendix. 

f See fig. 4 in the Appendix ; only this sluice turns on pivots near 
the centre, as in fig. 5 there. 
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water from the lead (M) is applied to the water wheel 
of the upper mill (near M), and shuts again whenever 
that mill is stopped. A waster sluice is also placed 
upon the level part of the lead, between each two 
mills, which keeps the water there uniformly at a given 
height. In this way the supply to the mills is kept 
quite regular and uniform ; whilst it is out of the power 
of any one mill either to keep water from, or set back 
water upon, any Qther mill. 

This much being premised^ let us see how these va- 
rious reservoirs, aqueducts, basins, and sluices contri- 
bute in economizing the water, and bringing home a 
regular supply to the mills. 

Suppose the weather to be very dry, the auxiliary 
reservoirs all empty, the common upright lifting sluices 
every where open, and the. whole supply required from 
the great reservoir. In this state of things, the six wea- 
ther sluices on the basin, (E) below the compensation 
reservoir, being all open, will pass the necessary sup- 
ply into the aqueduct ; the self acting sluice (I) on 
the tunnel between the Whinhill reservoir and basin 
(I L) just below, will pass it into this basin ; and the 
self acting valve (L) will pass it into the mill lead (M) 
and thence to the mills. Whilst, therefore, such 
drought continues, it is only necessary to throw open 
the common upright lifting sluice (C) on the tunnel 
of the compensation reservoir in the morning, and shut 
it at night ; aiid the several self acting sluices will 
bring home exactly the stipulated quantity of water to 
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of such magnitude and duration as to shut the whole 
of the weather sluices jn succession. This, however, 
will not often happen : — ^in most cases the rains will 
abate by the time that one, two, or three of them have 
shut ; but at whatever stage it may cease or abate, 
those sluices that have shut will always open again in 
succession, as the drainage into the aqueduct lessens ; 
and thuSj at all timeSj and in all kinds of weather ^ 
pass exacily the stipulated quantity of water to the 
mills, without waste and without water man. 

It has been stated that the six weather sluices at the 
basin (C) will exactly pass the quantity of water re- 
quired by the Mills. It may therefore be supposed, 
that, when all the auxiliary reservoirs are finished, and 
all the twelve weather sluices open, they will pass too 
much water to the mills. But it will be observed, that 
the sluice which shuts last is always the one that opens 
first, and so in succession : and as, by construction, the 
last of these sluices can never shut till at or near the 
end of the greatest Hood, they can only be shut for a 
very short period, and of course have collected very 
little water ; and, therefore, what any one of these 
auxiliary reservoirs may have thus collected, will al- 
ways be run oflP by the time that the third or fourth, 
after it in rotation, has opened : so that from the con- 
struction of these auxiliary reservoirs, there can never 
be more than six of the weather sluices passing water 
to the mills at any one time. 

It is also to be observed, that the very use and de- 
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sign of the reservoir at the Whinhill, is that of a re- 
gulator^ for preventing any small irregularity in the 
conveyance of the wMer along the aqueduct ; from af- 
fecting the regular supply given out by it to the mills, 
as well as to retain part of the water of extraordinary 
floods, which would otherwise have to be wasted from 
the aqueduct. Hence it is obvious, how important a 
part these auxiliary reservoirs and self-acting sluices 
perform in this system of water power. 
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APPENDIX. 



A Short Accotmt of ike various Self-Acting Sluices^ and other 
Hydraulic Contrivatices, for Collecting and Economizing a 
Supply (^ Water ; and for Regulating its Conveyance between 
jRiverSp Beservoirs, MiUs, Sfc. : as contrived or invented by 
jRobt, Thorn, Civil Engineer, Rotksay. 



THE LEVER SLUICE, FIGURE 1. 

This apparatus, when placed on a reservoir that supplies any 
canal, mill, or other work with water, (where the aqueduct be- 
tween the reservoir and such work is on a level,) will always 
open of its own accord, and let down the quantity of water 
wanted by such work and do more ; so that it not only super- 
sedes a water man, but also saves a great deal of water* 

A B, a tunnel through which the water pusses from the reservoir 

to 
B C, the aqueduct that carries the water to the mills. 
B D, a float that rises an^ ^^lls .^ith the water iu the aqueduct. 
A, an aperture in the mouth of the tunnel. 
E, the self-acting sluice that opens and shuts that aperture* 
F 6, a lever which turns upon fulcrum H, and is connected at 

one end with sluice E, und at the other end with float B D. 

The sluice E is here represented open, and the mills going ; 

c 
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bat when the mills are stopped, the water rises in the aqueduct, 
and with it float B D, which raises the end G and lowers the end 
F, of the lever P G, and shuts sluice E. When the water is 
again let upon the wheel at the mills, the surface of the aque- 
duct falls and with it the float, which opens sluice E as before. 

Upon the lever F G, there is another small lever K L, which 
turns upon fulcrum L, and has a weight M suspended to the 
other end K. In the ordinary working of the apparatus this 
lever is quite stationary, and produces no effect whatever ; but 
during floods the water in the aqueduct is raised by streams 
that flow into it between the reservoir and the mills ; and when 
this happens, and the mills not at work, the water, rising in 
the aqueduct, presses up the float upon one end of the lever when 
the other end cannot descend ; and would thereby strain or break 
the apparatus, but for this contrivance by which the extra pres- 
sure merely pushes up the small lever K L. Of course, the 
weight M is so adjusted that the lever K L will not move till the 
sluice is shut, but will rise upon the least extra pressure after- 
wards. 

The dimensions of the float ai*e nineteen feet square, by seven 
inches deep ; the lever is twenty-seven feet long, being twice the 
length between the fulcrum and the sluice, that it is between the 
fulcrum and the float. The sluice is three feet three inches 
long, and fifteen inches deep. 

To determine the proper dimensions of the float, and relative 
lengths of the ends of the lever, it was necessary to ascertain how 
far the sluice required to be raised to pass the quantity of water 
wanted, and also how far the water in the aqueduct m^ik be raised 
above the level necessary for supplying the works : the first was 
found to be seven inches, the last only four inqhes. The end of 
the lever connected with the float was made, therefore, only half 
the length of the end connected with the sluice ; and the float wais 
made of such dimensions, that, when sunk half an inch in water, 
the weight of water thereby displaced was equal to twice the 
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weight required to shut the sluice.* When therefore the water 
in the aqueduct rises upon the float half an inch, (besides what 
it sinks by its own weight,) the sluice begins to move ; and by 
the time the water rises other three inches and a half, the sluice 
is of course seven inches down, or shut. This apparatus was 
erected at Rpthsay in 1816. 

THE WASTER SLUICE, FIGURE 2. 

This sluice, when placed upon the embankment of any river, 
canal, reservoir, or collection of water, prevents the water within 
the embankment from rising above the height we choose to assign 
to it ; for whenever it rises to that height, the sluice opens and 
passes the extra water; and whenever that extra water is passed, 
it shuts again, so that, while it saves the banks at all times from 
damage by overflow, it nevej: wastes any water we wish to retain. 

A C B L, part of a canal, river, stream, or collection of water. 
B C, high water mark, or the greatest height to which the 

water is to be allowed to rise. 
B D, a sluice, or folding dam, which turns on pivots at D. 
EF, a hollow cylinder, having a small aperture in its bottom, to 

which is joined 
& L, a small pipe, always open* 
I II I, small holes in cylinder E F, on the line of high water mark. 

* Twice the weight, hecause here the lever is two to one against the float. 

To ascertain the power required to open or shut the sluice, (which is easily 
done bja leyer and weights previouslj applied to it,) it must be tried when the 
water in the reservoir is at the highest; which, in this case, is seven feet above 
the bottom of the sluice. To ascertain how far the sluice must be raised to 
pass the necessary supply, it must be tried when the water in the reserroir Is 
at the lowest; and in this instance was done when it stood three feet aboye the 
■bottom of the sluice. The quantity of water required is equal to about the 
power of fifty horses, the fall at the wheel being twenty feet. The aqueduct 
is about seven hundred yards long, twelve feet wide, three deep; and its bot- 
tom about twelve inches lower than the bottom of the sluice. 
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6 H) another cylinder, water proof, that moves up and down 

freely within ^linder E F ; and the weight of which keeps the 

sluice B D shut by its connection with 
B K H, a chain fixed to cylinder UH at H ; thence passings over 
pulley K, has its other end fixed to sluice B D at B. 

When the water in the canal, river, or pond, rises to the line 
B C, it passes into cylinder £ F, at the small holes 1 1 1 1 ; and 
this lessens the weight of cylinder GH so much that the pres- 
sure of the water in front of sluice B D throws it open. When 
the water subsides, so as not to enter these holes, the cylinder is 
emptied by the tube £ L ; and then the weight of cylinder G H 
shuts the sluice as before. The dimensions and weight of this 
cylinder must, of courlse, correspond with the weight of the 
column of water pressing upon sluice B D. An apparatus of 
this kind was first erected at Rothsay in 1817. The dinknsions 
of one of these are : — Cylinder G H two feet diameter^ and two 
feet deep ; its weight 500 lbs.* Cylinder E F, five feet ten inches 
deep, two feet one inch diameter inside. Sluice B D, four feet 
long and two feet deep. 

This sluice is here represented with the pivots (on which it 
turns) at its under edge ; but they may be placed either at the 
upper or under edge, as circumstances require. The upper 

* This weight is considerably more than necessary, when the sluice is placed 
with the pivots at its under, and the chain at its apper edge ; bat it was calea- 
lated to be powerful enough when the sluice was turned with the pivots at its 
upper, amd %h^ chain at Its under edge, to which position it has since been 
changed. 

Akhongh the cylinder G H requires to be heavier to shut the sluice when its 
pivots arf nt the ^pi yet to pass the same quantity.of water, it does not require 
to move liidf so liir as when they are at the bottom, and therefore cylinder £ F 
Aoay be made much shorter; so that the cost in either case is nearly the same, 
or rather in fiivoar of the pivots being at the top. In most cases this last posi- 
tion is prelerable : tberei ure instances, however, in which the other is more 
advisable; such as fn a river where wood, ice, or other bulky substances, may 
be expected to float occasionally on the surface ; but such cases require a par- 
ticular construction, adapted to the circumstances. 
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edge, is also here represented on a level with high- water-mark ; 
but, if necessary, it may be placed any where between that and 
the bottom of the pond, or aquedact ; or it may be placed right 
below, as on an aqueduct bridge, or similar situation. The cy- 
linders may also be placed on the auiside of the dam or embank- 
ment, by having a pipe to communicate between them and the 
water within ; but in whatever situation the sluice or cylinders 
may be placed, the pipe that communicates between the cylinders 
and the water within the embankment must always have its open- 
ing exactly at the level of high water mark, or at the greatest 
' height to which the water is to be permitted to rise. 

On this principle a self-acting dam may be raised in any river 
or stream, up to high-water-mark, by which means a consider- 
able reservoir will be obtained ; whilst, during spates, the dam 
will fold down, and no new ground be flooded. 

In lawns or pleasure grounds, through which streams or rivu- 
lets flow, these sluices might be applied to advantage ; for by 
placing one on the bank of each pond, the water within would 
always be kept at the same height, whether the weather were 
wet or dry ; and hence flowers or shrubs might be planted close 
to the water's edge, or in it, (as best suits their respective ha- 
bits,) and their position with regard to water would always be 
the same.* 



* If necessary, this sluice may be made to open inwardi, against the water ; 
and shut by the pressure of the water agamit it : but in this case the sluice must 
be placed within the framing or pond, and cylinder G H be a light Yessel, open 
at the top, with a hole in its bottom, like can G, figure S. Then the water, 
falling into the yessel, would, by its weight, open the sluice B D : and when 
the surface of the water fell, so as no longer to flow into the vessel, it would 
be emptied by the aperture in its bottom ; and then the weight, or pressure, of 
the water upon sluice B D, would shut it. But, in this case, care must be 
taken to make the pipe E L large enough to carry off all the water that can 
enter at the holes I I I I ; for, if allowed to rise round the vessel H G, it 
weuld lighten or float it ; and then sluice B D would shut when it ought to 
be open. 
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it sends down the whole supply fironr th» feservour ; wKien these 
streams furnish a part, it sewts d(»rn the teksanining' part, wiiat- 
ever it may be ; and when these streams furnish the whole silp- 
ply, it shuts the reservoir entirely : so thalt the supply of water 
to the mills is always the same, whethec the wealter he^ w^t or 
dry. 

To accomplish this, the whole nmnber of sluiceft (B* €) placed 
on the aqueduct A B» are calculated so a9 J4i8t to pass the whole 
quantity of water wanted at the mills ; and as more on less wa-* 
ter is produced by these streams, a greater or lesser numfter of 
these sluices will opea of shuli ; so? as- tb keep the quantity aj 
the mill» uniformly the same* The number of these slniceiEr will - 
be more or less as the case may require ; in this we suppose 
three, as being: sufficient tO' illustrate the principle. 

Let us suppose, then, the weather very dry ; the streams be- 
tween the reservoir and, the mills .quite dried up ; and the sluiees 
B C all open : rain comes, and these streams begin to flow^ : but 
the same rains that swell these streams^ swell also the rivulet 
I K ; and by the time the first produce S' quantity equal to what 
one sluice (B C) can pass> the last will have risen so as tO' flow 
out at aperture 1, thence down pipe L M N into, can D E ; which' 
shuts sluice B C. When these streams increase, so as to prodolse 
as much water as two. of the sluices (BG) can pass, then the 
rivulet IK will bare swollen so as to flow out at aperture 2, 
and thence through P into a second can ; which shuts a second 
sluice : when they increase so as to produce a quantity equal to 
what three of the sluices (B C) -can pass, then the water in the 
rivulet I K> will have risen so as to flow out at aperture 3, and 
thence through R into a third can ; whidh shut^ a third sluice. 

Again :, suppose the weather to beeottve fhir, and the streams 
begin to decrease; by the time they fall short a quantity equal 
to what one sluice (BC) can pass, the water in the rivulet IK 
will have fallen so as not to fiow out at aperture 3, and, of course, 
one can will be empty, and one sluice open : by the time the 
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fall short a quantity equal to what two sluices ean pass, the 
water in the rivulet I K will have fallen so as not to flow out at 
aperture 2, and a second can will have become empty^ and a se- 
cond sluice open : when they shall have fallen short a quantity 
equal to what three sluices can pass, the water in the rivulet 
I K will have fallen so as not flow out at aperture 1, and a third 
can will have become empty, and a third sluice open, &c« &c« 

In this way the water may be regulated at pleasure; and if a 
small reservoir were made near the works, to retain the water 
that flows during the night, (or when the Mills are not at work), 
not a drop would be lost.^ The. purpose, however, for which 
this apparatus was invented was different. Having occasion to 
cot an aqueduct round the bases of some hills, to collect water 
and convey it to a reservoir at a considerable distance, 1 found 
that to make the aqueduct large enough,, to convey all the water 
(u it fell during floods^ would be very expensive; it therefore 
occurred to me, that if a part of the water could be detained 
during floods, and brought away gradually afterwards, a much 
smaller, and of course much less expepsive, aqueduct would 
answer the purpose. I therefore made a small reservoir at a con- 
venient place ; and contrived these sluices, to shut during very 
heavy rains, and open again as they became lighter,, which an- 
swered the purpose completely, -and was Ae origin of all these 
weather sluices. 

THE DOUBLE WEATHER SLUICES, FIGURE d. 

This apparatus- is so far similar to th^ last described ; but it 
has a double operation, the sluices first opening,, one after ano- 
ther, as the streams increase, until they reach a given height ; 

* The apparatus figure 6, will accomplish the same thiug without this small 
reservoir, hut in most cases (particularly where the elevation of the reservoir 
above, and its. distance from, the works is great,) the expense would be mucb 
greater than i» this» 
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F 6, a pipe which communicates between that cistern and 

cylinder £• 
H, a valve that opens or shuts that communication, 
I^ a float that rises and falls with the water in the aqueduct. 

The sluice A is here represented shut, and the water in the 
aqueduct at rest. But suppose a part of the water to be drawn 
from the aqueduct, then, as its surface falls, so will float T ; 
which thus leaving the spindle of valve H, that valve opens ; 
and then the water flows from cistern F into cylinder E, which, 
when full, descends, raises lever B A, and opens the sluice.— 
Again, suppose the water to rise in the aqueduct, the float I 
rising with it, shuts valve U ; when cylinder £ is emptied by 
the small aperture in its bottom, and the weight of lever A B 
again shuts the sluice. This sluice also acts as a waster, by 
having a pipe to communicate between the reservoir and cylinder 
E in the same manner as in figure 4. 

A sluice of this description was erected at Rothsay in 1821. 
Sluice A is three feet long and eighteen inches deep ; lever A B 
three feet long ; cylinder E two and a half feet diameter, and the 
same depth. The depth of water above the centre of the sluice, 
lyhen the reservoir is full, is twenty feet. 

By this contrivance, of making the sluice turn on its centre 
of pressure, the weight of the column cf water resting on it is 
neutralised ; it being at the same time equally exerted to open 
and shut the sluice. The acting power has, therefore, only to 
overcome the friction, to make it move in any direction ; where- 
as in the apparatus figure 4 the power must not only overcome 
die friction, but must also be equal to half the weight of the 
whole coluQin of water pressing upon the sluice.* 

* The other half is borne by the pirots en whVtsh the slaice tarns. When 
the slaice is hinged at the upper side, the power has rather more than half the 
weight to sastain, and when hinged at the under side it has rather less ; but 
where the depih of the slaice bears so small a proportion to the depth of wa- 
ter above it, the difference is not worth noticing in practice. 
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Thus, in the present case, there is a columD of 90 cubic feet 
of water pressing upon the sluice when the reservoir is full.-* 
Were' the sluice hinged upon one side, as in figure 4, it would 
require the cylinder £ to contain forty-five cubic feet of water, 
besides about one tenth more for friction ; and the chain, lever, 
&c., would have to be made strong in proportion. Bot by this 
contrivance the power to act against this forty-five feet of water 
is wholly saved, and the cylinder requires only to contain water 
sufficient to overcome the friction. 

The apparatus is also simplified by having only one cylinder 
and one valve, instead of two of each as in fig. 4. But this 
plan has also some disadvantages. The sluice, when it turns 
upon pivots at its centre, is more difficult to make water tight 
than when it tutns on pivots at on^ edge ; nor does the same 
aperture pass an equal quantity of water ; for, besides the space 
occupied by the sluice in the centre, it also tends to disturb the 
regular flow, or current of the water. 

Besides, this apparatus does not operate so smoathfy as that 
of figure 4 — the can E, and consequently sluice A, moving by 
starts. After some experience of these and other constructions, 
the best seems to be, to make the sluice turn on pivots near its 
centre, as in figure 5, with cylinders and valves as in figure 4. 
In this way the motion is preserved equally smooth and uniform, 
as in figure 4 ; while the power necessary to open and shut the 
sluice, and consequently the size and expense of the cylinder, is 
greatly lessened. 

THE SINGLE VALVE SLUICE, FIGURE 6. 

The construction of this apparatus is, in some respects, simi- 
lar to those of figures 4 and 5 ; but its application is to situa- 
tions where the reservoir is on high grounds, and where the wa- 
ter has to pass down a declivity before it is applied as a power 
to the mills. 
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A B» 99r^ oi thfs iimnel of a reservoir. 

£9 A fljw^^ ib«l .tufis upao pivots, placed a little above its 

cwtre pf pr<fa9UF^. 
C P, tV# ri vuleV tbat caries tbe water from the reeerv^r 
. domito 

F iQr, parit 9f a.kvd caiml or aqaeduo, near the iwiUs. 
S H, a boUow cylinder. 
K (>f a cylinder, waterproof, of rather less specific gravity 

than water, which moves 'freely up and down^ within cylinder 

KH. 

M, a pi^ley, 

B M K» a (Obain, &c. 

)[ C, ^ small cistern, kept always full of water by waste from 

the sleice, or by n small hole in it* 
H I^ a small pipe, cpmmimicating between cistern I C and 

cyUnder EH. 
E N, another small pipe, eonununicatinf:, nnder ground, be^ 

twe^ cylinder IE Ht <^ 
V^ a v^ve at the t^wer cad of pipe £ N, which, when open, is 

capable of passing noLore water than the pipe H I canr receive. 
R, a flpat, pUoed within a shesU pool of Water, on the same 

level a^9 imd cemmimicating with the canal. 

The witer in tbt canal is here represented at its greatest 
biEiigbt; ind the valve N sbnt^ by tbe float R pressing up the 
spindle : the cylinder £ H is tberefore filled with water from 
the cistern I C ; and the sluice B shut by the pressure of the 
water in the reservoir, there being, by construction, a little 
more pressure k^htui than iA$ve the pivots. When the surface 
of the water falls in the canal, the float R 'falls with it ; and 
then the valve N (falling by its own weight) opens, and empties 
the cylinder £ H ; when cylinder K L fsdls, and opens sluice B, 
and gives the supply required. 

It is therefore oT no consequence^ in regard to regulating the 
supply of water, how far the reservoir is from, or how high 
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above, the level of the works reqairing the sapply ; save that 
the Unffih of the pipe EN must correspond with the distance^ 
and its strtn^ with the hmght or pressure of the water. It is 
necessary, however, thai the bore of this pipe should be small, 
parUcularly where its length is considerable ; in order that sluice 
B may open or shut very floon after valve N opens or shuts, and 
at the same time require only a small supply of water. Suppose, 
therefore, the opening into the pipe E N at I to be only a half 
inch bore, and that the valve N is shut when that pipe is empty, 
it is evident that the sluice B will not shut till both that pipe 
and cylinder E H be filled with water ; and that the smaller the 
diameter of that pipe be the sooner will it be filled. The time, 
therefore, that sluice B takes to shut, after valve N shuts, will 
always be the same as the time that pipe E N and cylinder E H 
then take to fill ; and to make sluice B take an equal length of 
time to open after valve N opens, the aperture of that valve 
must be such as to take an equal length of time to run off the 
water to the bottom of cylinder E H, while the water is still 
flowing into the aperture at I, as that aperture takes to fill both 
cylinder and pipe when valve N is shut. 

THE CHAIN SLUICE, FIGURE 7. 

This apparatus answers exactly the same purpose as the last ; 
only the construction is different* 

In this figure the relative situations of the reservoir and canal, 
and the construction of sluice A, are the same as in figure 6 ; 
and the cylinders and valves, the same as in figure 4; with the 
addition of 
R S, a lever, 
S P^ a chain. 
U, a weight, suspended to the spindle of the valves N and O. 

One end of the lever R S is connected with the valve spindle 
N 0, and the other end with the chain S P ; the other end of this 
chain is connected with the float P on the canal X Y below. 
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When the water in the canal X Y rises, float P also rises and 
slabkens the chain S P ; the weight U, then falling, shats yalve 
O and opens valve N ; then the water, passing down tube 
K C L D, raises cylinder F G, and the pressare of the water in 
the reservoir shuts^ sluice A. When the water in the canal 
falls, float P falling with it, lifts the weight U, and shuts valve 
N, and opens valve O ; and then the cylinder F 6, falling with 
the water in cylinder E D, opens sluice A,— and so on. 

This construction may perhaps be adopted with advantage, on 
account of its cheapness, where the reservoir is very near the level 
canal, but a considerable height above it; for a brass wire, one 
tenth of an inch diameter, will be strong enough for the chain 
where the distance is short ; it having in any case little more to 
lift than twice it^ own weight. Figure 6, however, seems bet- 
ter adapted to general purposes. 

THE SINGLE WEATHER SLUICE, FIGURE 8. 

One of the purposes to which this apparatus is applicable, is 
to regulate, the supply of water between a reservoir and mill, or 
other works, where the former is at a great distance from, and 
high above, the latter; where several streams fall into the 
aqueduct between them ; and where the adoption of apparatus 
figure 6 might be considered too expensive. But it may also be 
applied to several other useful purposes, as will readily occur to 
such as may have occasion to adopt it. 

A B, part of an aqueduct, (close behind the tunnel of the reser- 
voir,) in which the water is always kept at the same level by 
an apparatus like that of figure 4 or figure 5, placed upon the 
tunnel of the reservoir. The communication between this 
part of the aqueduct and that below is opened or closed at 
pleasure by 
B C, a small sluice, (and several others of the same kind which it 
is unnecessary to represent here,) that turns upon pivots at C. 
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<m^ short a ciuaniiiy equal to what two sluices can pass, ihe 

■ water in the rivulet I K will have fallen so aa not to flow out at 

■ aperture 2, and a second can will have become empty, and a se- 
rand sluice open : when they shall have fallen short a quantity 

, equal to what three sluices can pass, the water in the rivulet 
I K will huve fallen so as not flow out at aperture 1, and a third 
caD will have become empty, and a third sluice open, &c, &c. 

Id this way the water may be reg'ulated at pleasure; and if a 
sman reservoir were mode near the works, to retain the water 
that (Iowa during Ihe night, [or when the Mills are not at work), 
not a drop would be lost,* The. purpose, however, for which 
this apparatus was invented wasdiflerent. Having occasion to 
cut an aqueduct round the bases of some hills, to collect water 
and convey it to a reservoir at a considerable distance, 1 found 
that to make the aqueduct large enough, to convey all the water 
as it fell during ^oods, wnuld be very expensive; it therefore 
occurred to me, that if a part of the water could be detained 
during floods, and brought away gradually afterwards, a much 
smaller, and of course much less expensive, aqueduct would 
answer the purpose, 1 therefore made a small reservoir at a con- 
venient place ; and contrived these sluices, to shut during very 
heavy rains, and open again as they became lighter, which an- 
swered the purpose completely, and was the origin of all these 
weather sluices. 



THE DOUBLE WEATHER SLUICES, FIGURE 9. 

This apparatus is so far similar to the last described ; but it 
has a doable operation, the sluices first opening, one after ano- 
ther, as the streams increase, until they reach a given lieight ; 



* 'I1ie apparatus figure 6, will accampllah (he BBina thing without tliii amall 
reMnnlr, but in moat cbbeb (pBTticuIiirlr where Ihe eleintlDn of the rewrmir 
above, and its distance Irom, the wnrka i* gretit, ) the eipenae would be much 

gniBlN' than ia thi«. 
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it sends down tbe wiide supply fironr Ite. f sservoir ; wlwen Ifaese 
streams furnish a part, it sewla dovrn the fetamning' part, i^at- 
ever it may be ; and when these streams furnish the Whole sup- 
ply, it shuts the reservoir entirely : so thsiD tbe supply of water 
to the wills is always the same, whether the wvaliier he^ \Mt or 
dry. 

To accomplish this, the whole number of sluices (E €) plaoedi 
on the aqueduct A B, are calculated so as J4i8t to pass th;^ whole 
quantity of water wanted at the mills ; and as more otf less wa-' 
ter is produced by these strea.ms, a greater or lesser nnmtter of 
these sluices will opes, of shuti ; sot as) tb Keep the quantity a^ 
the millSi uniformly the same. The number of these sluices will ' 
be more or less as the case may require ; is this w^ siippose 
three, as being, sufficient tD> illustrate the principle. 

Let us suppose, then, the weather very dry ; the streams be- 
tween the neservoir and, the mills,i|«it6 dried op ; atld the sluices 
B C all open : rain comes, and these streams beginto flow : but 
the. same rains that swell these streams^* swell also the rivulet 
I K ; and by the time the first produce U'quantitjr equal to whfiilf 
one sluice (B C) can pass> the last will have risen so as to' flow 
out at aperture 1, thence down pipe \* M N into, can D £ ; wtiich' 
shuts sluice B C When these streams increase, so as to prodnlee 
as much wateras two. of the sluioes (B^G) csn pass, then the 
rivulet I K will ha^re swollen so as to flow out at aperture 2, 
and thence through P into a second can ; which -shutsr a second 
sluice : when they, incrmuie so as to- produce a- qiiai^ity eqnal to 
what three of the sluices (B C) .can pass, theu the water in the 
rivulet IK, will have risen so as to flow out at- aperture 8^ and 
thence through R into a third can ; whidh shUte a third sluice. 

Again :. suppose the weather to be^sttf^ fhir, and the streams 
begin to decrease; by the time tbey fall short a quantity equal 
to what one sluice (B C) can pasfi, the vmter in the rivulet I R 
will have fallen so as not. to flow out at aperture 3, and, of c6urse, 
one can will bo empty, and one sluice open : by the time the 
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fall short a qoantity equal to what two sluices can pass, the 
water in the rivulet 1 K will have fallen so as not to flow out at 
aperture 2, and a second can will have become empty, and a se- 
cond sluice open : when they shall have fallen short a quantity 
equal to what three sluices can pass, the water in the rivulet 
I K will have fallen so as not flow out at aperture 1, and a third 
can will have become empty, and a third sluice open, &c. &c« 

In this way the water may be regulated at pleasure ; and if a 
small reservoir were made near the works, to retain the water 
that fl'ows during the night, (or when the Mills are not at work), 
not a drop would be lost.* The- purpose, however, for which 
this apparatus was invented was different. Having occasion to 
cut an aqueduct round the bases of some hills, to collect water 
and convey it to a reservoir at a considerable distance, I found 
that to make the aqueduct large enough, to convey aU the water 
iis it feU during floodM, would be very expensive; it therefore 
oc^snrred to me, that if a part of the water could be detained 
during floods, and brought away gradually afterwards, a much 
smaller, and of course much less expepsive, aqueduct would 
answer the purpose. I therefore made a small reservoir at a con- 
venient place ; and contrived these sluices, to shut during very 
heavy rains, and open again as they became lighter,, which an- 
swered the purpose completely, and was tiie origin of all these 
weather sluices. 

THE DOUBLE WEATHER SLUICES, FIGURE 9. 

This apparatus- is so far similar to th^ last described ; but it 
has a double operation, the sluices first opening,, one after ano- 
ther, as the streams increase, until they reach a given height ; 

* The apparatus figure 6, will accomplish the same thiug without this small 
reserToir, hut in most cases (particularly where the eleyation of the resenrolr 
ahoye, and its. distance from> the works is great,) the expense would be muob 
greattr tluui la tbis% 
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and tlien Bhtttling, oike after anotliery as they contioae to rise 
above that height* Again, whei the streams begin to fall, thm 
sluices open, one after another, until they (the streams) fiall 
to a certain point ; and then again shut, one after another, a» 
they continue to fall below that point : the same oontinnoos ri|r 
in the streams first opening, and then shutting, all these sluices 
in succession ; and, in like manner, the same continuous faU 
first opening, and then shutting, them in succession. 

This apparatus, in whole or in part, may, by a judicious 
adaptation, be applied to many useful purposes, as will be 
readily perceived by such as are conversant in these matters ;. 
but the object chiefly in view in cbntriving it was its apphcatioa 
to what are termed ** Compensation Reservoirs." Suppose, 
for instance, that it is necessary to form a reservoir on the site 
of some rivulet or stream, for the purpose of collecting water 
for some important object ; and which water is to be carried 
away in a direction different from the natural course of the rivo- 
let : it is evident that the proprietors of land or works, on the- 
rivulet hehw where the proposed reservoir i$ to be made^ will obi* 
jeet to its formation, unless some compensation be made theift 
ibr the water thus to be carried away. There may be many ways^ 
of making such compensation : for the sake of illustration, sup» 
pose the following. The proprietors agree that such reservoir 
may be made, providing that only the surplus water of floods be 
detained therein, and that all the rest shall be allowed to flow 
down the rivulet as formerly : tiiat is, all the water necessary 
for such proprietors shall be allowed to flow down the rivulet, 
iffhilst it produces that quaniitt^ ; and when it ceases to produce 
0ua qtumtitif^ they are to have all that ii does produce, the same 
as if no sueh reservoir were there. 

The usual way of accomplishing this, is to cut an aqueduct 
round one side of the reservoir, along which the water of the ri- 
vulet is always carried past the reservoir, except during floods^ 
when the surplus water is allowed to flow aver inia f#. A little 
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voQsidenitioii will shew that a ^ry great quantity of water is 
thas lost. In the first plaoe, the proprietors below mnst have 
aH they require before any is allowed to flow over into the reser- 
▼mr : but the rise of water in the riyiilet> that sends a part ovet 
into die resenroir, must also send an additional quantity down 
the aqueduct : this additional quantity sent down is therefore 
4o8t. But in all such situatipns, there must be other small 
streams falling into the rivulet, between the reservoir and works 
below ; and the same rains that swell the rivulet above the reser- 
Yoir will also swell the streams below it ; and consequently the 
wbolc additional water yielded by these streams is also lost.* — 
As the quantity of water thus wasted is generally much greater 
than that detained in the reservoir ; and as the apparatus about 
to be deseribed saves the whole, its importance may be easily 
conceived. 

But, besides this, the proprietors on the rivulet below gene- 
rally stipulate to have a certain supply of water from the reser- 
voir, during the dry season ^ as a bonus for allowing the reservoir 
to be made; and as the regulating of this supply has heretofore 
been left to water-men, who, independent of neglect, caprice, or 
ignorance, are liable to be biassed by various considerations ; and 
whose conduct, as is well known, has frequently occasioned vex- 
atious disputes and litigation between the parties concerned ; it 
becomes extremely desirable to be independent of such agents. 
This apparatus, by regulating such supply of itself ^ does away all 
this; and the quantity, once agreed upon, will continue regular 
and uniform. 

* To explain this more fully, let A B Z represent the coarse of the rivulet 
upon which the reservoir C D £ is to be formed ; A F B, the aqueduct to carry 
the usual water of the rivulet past the reservoir ; Z, the mill or other work, on 
the rivulet below the reservoir, vohich requires the greatest quantity of water; 
(and of course when it is supplied all the others must be so ;) G, H, I, K, 
streams that fall into the rivulet between the reservoir and mill Z ; L, a part 
«f the bank of the aqueduct A B, lower than the rest, over which the surplus 
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F 6, a pipe which commanicates between that cistern and 

cylinder £• 
H, a valve that opens or shuts that communication, 
I^ a float that rises and falls with the water in the aqueduct. 

The sluice A is here represented shut, and the water in the 
aqueduct at rest. But suppose a part of the water to be dntwn 
from the aqueduct, then, as its surface falls, so will float T ; 
which thus leaving the spindle of valve H, that valve opens ; 
and then the water flows from cistern F into cylinder E, which, 
when full, descends, raises lever B A, and opens the sluice.— 
Again, suppose the water to rise in the aqueduct, the float I 
rising with it, shuts valve U ; when cylinder £ is emptied by 
the small aperture in its bottom, and the weight of lever A B 
again shuts the sluice. This sluice also acts as a waster, by 
having a pipe to communicate between the reservoir and cylinder 
E in the same manner as in figure 4. 

A sluice of this description was erected at Rothsay in 1821. 
Sluice A is three feet long and eighteen inches deep ; lever A B 
three feet long ; cylinder £ two and a half feet diameter, and the 
same depth. The depth of water above the centre of the sluice, 
lyhen the reservoir is full, is twenty feet. 

By this contrivance, of making the sluice turn on its centre 
of pressure, the weight of the column cf water resting on it is 
neutralised ; it being at the same time equally exerted to open 
and shut the sluice. The acting power has, therefore, only to 
overcome the friction, to make it move in any direction ; where- 
as in the apparatus figure 4 the power must not only overcome 
die friction, but must also be equal to half the weight of the 
whole coluQin of water pressing upon the sluice.* 

* The other half is borne by the pirots en whiteh the slaice tarns. When 
the slaice is hinged at the apper side, the power has rather more than half the 
weight to sastain, and when hinged at the under side it has rather less ; bat 
where the depth of the slaice bears so small a proportion to the depth of wa- 
ter above it, the difference is not worth noticing in practice. 
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Thus, in the present case, there is a columD of 90 cubic feet 
of water pressing upon the sluice when the reservoir is full.-* 
Were' the sluice hinged upon one side, as in figure 4, it would 
require the cylinder E to contain forty-five cubic feet <tf water, 
besides about one tenth more for friction ; and the chain, lever, 
&c., would have to be made strong in proportion. Bot by this 
contrivance the power to act against this forty-five feet of water 
is wholly saved, iBJud the cylinder requires only to contain water 
suffideut to overcome the friction* 

The apparatus is also simplified by having only one cylinder 
and one valve, instead of two of each as in fig. 4. But this 
plan has also some disadvantages. The sluice, when it turns 
upon pivots at its centre, is more difficult to make water tight 
than when it tu^s on pivots at on^ edge ; nor does the same 
aperture pass an equal quantity of water ; for, besides the space 
occupied by the sluice in the centre, it also tends to disturb the 
regular flow, or current of the water. 

Besides, this apparatus does not operate so smoothfy as that 
of figure 4— the can £, and consequently sluice A, moving by 
starts. After some experience of these and other constructions, 
the best seems to be, to make theslnice turn on pivots near its 
centre, as in figure 5, with cylinders and valves as in figure 4. 
In this way the motion is preserved equally smooth and uniform, 
as in figure 4 ; while the power necessary to open and shut the 
sluice, and consequently the size and expense of the cylinder, is 
greatly lessened. 

THE SINGLE VALVE SLUICE, FIGURE 6. 

The construction of this apparatus is, in some respects, simi- 
lar to those of figures 4 and 5 ; but its application is to situa- 
tions where the reservoir is on high grounds, and where the wa- 
ter has to pass down a declivity before it is applied as a power 
to the mills. 
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A P* fflH of the %mnd of a reservoir. 

£, A fljw^^ ib«^ .tQr»8 upan pivots, placed a little alwve its 

jcwtre of pr#«9UFe. 
C P, tV# rivulet Ibat caries tbe water from the roeerv^r 

. domito 

F iQr, part 9f a.kvd caiml or aqaedact* near the milte. 
S Hf a hollow cylinder. 

K (>f a cylinder, w»terpnH>f, of rather leas specific gravity 
than water, which moves Yreely up and down^ within cylinder 

KB. 

M , a pnlley, 

B M K» a (Obain, &c. 

IQy ^ small ciatern, kept always full of water by waste from 

the sluice, or hy fi sinall hole in it. 
H I^ a small pipe, cpmmimicating between cistern 1 C and 

cyUnd^rBH. 

£ N, another small pipe, eommunicatinfr, nnder ground, he* 

twe^ cylinder IE H^ and 
V, a valve at the l^nrer end of pipe E N, which, when open, is 

capable of passing more water than tho pipe H I canr receive. 
R, a float, plaoed within a s»all j^lof Water, on the same 

level 9fi% and cottmimicating with the ca^ial. 

The witer in the canal is here represented at its greatest 
height; md the valve N sbut^ by the float R pressing up the 
spindle t the cylinder £ H is tberefore filled with water from 
the cistern I C ; and the sluice B shut by the pressure of the 
water in the reservoir, there being, by construction, a little 
more pressure i^km ihm (A$w the pivots. When the surface 
of the water falls in the canal, the float R *falls with it ; and 
then the valve N (falling by its own weight) opens, and empties 
the cylinder £ H ; when cylinder K L fsdls, and opens sluice B, 
and gives the supply required. 

it is therefore of no consequence^ in regard to regulating the 
supply of water, how far the reservoir is from, or how high 
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aboye, the level of the works reqairing the supply ; save that 
the Unffih of the pipe E N must correspond with the digtanoe, 
and its strtn^ with the height or pressure of the water. It is 
necessary, however, thai the bore of this pipe should be small, 
particularly where its length is considerable ; in order that sluice 
B may open or shut very aoon after valve N opens or shuts, and 
at the same time require only a small supply of water. Suppose, 
therefore, the opening into the pipe E N at I to be only a half 
inch bore, and that the valve N is shut when that pipe is empty, 
it is evident that the sluice B will not shut till both that pipe 
and cylinder E H be filled with water ; and that the smaller the 
diameter of that pipe be the sooner will it be filled. The time, 
therefore, that sluice B takes to shut, after valve N shuts, will 
always be the same as the time that pipe E N and cylinder E H 
then take to fill ; and to make sluice B take an equal length of 
time to open after valve N opens, the aperture of that valve 
must be such as to take an equal length of time to run off the 
water to the bottom of cylinder E H, while the water is still 
flowing into the aperture at I, as that aperture takes to fill both 
cylinder and pipe when valve N is shut. 

THE CHAIN SLUICE, FIGURE 7. 

This apparatus answers exactly the same purpose as the last ; 
only the construction is different* 

In this figure the relative situations of the reservoir and canal^ 
and the construction of sluice A, are the same as in figure 6 ; 
and the cylinders and valves, the same as in figure 4 ; with the 
addition of 
R S, a lever* 
S Py a chain. 
U, a weight, suspended to the spindle of the valves N and O. 

One end of the lever R S is connected with the valve spindle 
N O, and the other end with the chain S P ; the other end of this 
chain is connected with the float P on the canal X Y below. 
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When the water in the canal X Y rises, float P also rises and 
slackens the chain S P ; the weight U, then falling, shats valve 
O and opens valve N ; then the water, passing down tube 
K C L D9 raises cylinder F G, and the pressure of the water in 
the reservoir shuts^ sluice A. When the water in the canal 
falls, float P falling with it, lifts the weight U, and shuts valve 
N, and opens valve O ; and then the cylinder F 6, falling with 
the water in cylinder E D, opens sluice A,— and so on. 

This construction may perhaps be adopted with advantage, on 
account of its cheapness, where the reservoir is very near the level 
canal, but a considerable height above it; for a brass wire, one 
tenth of an inch diameter, will be strong enough for the chain 
where the distance is short ; it having in any case little more to 
lift than twice it^ own weight. Figure 6, however, seems bet- 
ter adapted to general purposes. 

THE SINGLE WEATHER SLUICE, FIGURE 8. 

One of the purposes to which this apparatus is applicable, is 
to regulate.the supply of water between a reservoir and mill, or 
other works, where the former is at a great distance from, and 
high above, the latter; where several streams fall into the 
aqueduct between them ; and where the adoption of apparatus 
figure 6 might be considered too expensive. But it may also be 
applied to several other useful purposes, as will readily occur to 
such as may have occasion to adopt it. 

A B, part of an aqueduct, (close behind the tunnel of the reser* 
voir,) in which the water is always kept at the same level by 
an apparatus like that of figure 4 or figure 5, placed upon the 
tunnel of the reservoir. The communication between this 
part of the aqueduct and that below is opened or closed at 
pleasure by 
B C, a small sluice, (and several others of the same kind which it 
is unnecessary to represent here,) that turns upon pivots at C. 



REPORT 

TO SIR MICHAEL SHAW STEWART, BART. 

^n ^npflj^ng (Sreetiodt lofti Water, 

BY ROBERT THOM, CITIL BNGINBEU. 



Sir,— ^Agreeably to your request I have inspected the grounds 
and streams in the vicinity of Greenock, in order to ascertain 
the resources they afford for supplying that Town with water. 

A plentiful supply for this town and its public works, as they 
exist €U present, is. a matter of comparatively easy accomplish- 
ment ; but as you also expressed a desire to learn whether a 
supply to a still greater eiLtent might not be obtained, my atten- 
tion has been directed accordingly^* 

* In justice to a public spirited gentteman, it may be proper here to men- 
tion certain circumstances in connection with the origfn of the undertaking. 

In 1620, when- coursing together in Bate, and passing some of the aqueducts 
there, Mr Geo. Robertson mentioned to Mr Thont the great scarcity of Water 
in Greenocic, and asked if he thought a supply could be procured for it in the 
same way he had obtained the supply for Rothsay Mills. Mr Thom replied 
that he had no doubt but something in that way might be done ; and asked 
Mr Robertson respecting the yarious streams in the vicinity of Greenock. Mr 
Robertson explained as to these ; and mentioned particularly the Sbaws Wa- 
ter, and iu localities ; from which Mr Thorn inferred that this stream might 
be carried to Greenock, and said so to Mr Robertson at the time. 

Mr Robertson having mentioned this to some of his friends, and particular- 
ly to Sir M. S. Stewart, Mr Thom was applied to in 1821 to inspect the 
grounds and streams in the vicinity of Greenock, to ascertain the practicabili- 
ty of procuring the necessary supply. But Mr Thom being much occupied by 
the water an^ other operations at Rothsay mills, could not then afford the ne- 
cessary time; on which account some other engineers were employed, who 

reported that the scheme was impracticable. £ar]y in 1824 Mr Thom was 

F 



36 



it sends down tbe whole supply fironr Hm reservoir ; wlnea these 
streams furnish a part, it seada down the temarining^ p^rt, w4iat- 
ever it may he ; and when these streams furnish the Whole sup- 
ply, it shuts the reservoir entirely : so than the aapply of water 
to the nills is always the same, whether the weat^r he^ iMt or 
dry. 

To accomplish this, the whole nomber of sluiees (EC) placed 
on the aqueduct A B, are calculated so aa jiist to pass the whole 
quantity of water wanted at the mills ; and as more ot leso wa-' 
ter is produced by these streams, a greater or lesser numtter of 
these sluices will open or shui ; so* as to keep the quantity tkt 
the mills, uniformly the same. The nomber of these slnicetf will - 
be more or less as the case may require ; in this we sttppose 
three, as being sufficient to. illustrate the principle. 

Let us suppose, then, the weather very dry ; the streams be- 
tween the reservoir and, the mills .quite dried op ; and the slmees 
B C all open : rain comes, and these streams beginto flo^ : but 
the same rains that swell these streanis, swell also the rivulet 
I K ; and by the time the first produce a quantity equal towhlit 
one sluice (B C) can pass, the last will have risen so as to' flow 
out at aperture 1, thence down pipe L M N into can D E ; which 
shuts sluice B C. When these strea^ms increase, so as to prodoee 
as much water as two. of Uie sluices (B G) can pass, then the 
rivulet IK will have swollen so as to flow out at aperture 2, 
and thence through P into a second can ; Which ^Uts a second 
sluice : when they increase so as to produce a quantity equal to 
what three of the sluices (B C) 4»in pass, then the water in the 
rivulet IK, will have risen so as to flow out at aperture S^ and 
thence through R into a third can ; whidi shuts a third sluice. 

Again :. suppose the weather to beeome fhir, and the streams 
begin to decrease; by the time they fall short a quantity equal 
to what one sluice (B C) can pass, the water in the rivulet I R 
will have fallen so as not to flow out atapertnre 3, and, of course, 
one can will be empty, and one sluice open : by the time the 
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fall short a quantity equal to what two sluices can pass, the 
water in the rivulet I K will have fallen so as not to flow out at 
aperture 2, and a second can will have become empty, and a se- 
cond sluice open : when they shall have fallen short a quantity 
equal to what three sluices can pass, the water in the rivulet 
I K will have fallen so as not flow out at aperture 1, and a third 
can will have become empty, and a third sluice open, &c. &c. 

In this way the water may be regulated at pleasure ; and if a 
small reservoir were made near the works, to retain the water 
that ffows during the night, (or when the Mills are not at work), 
not a drop would be lost.« The- purpose, however, for which 
this apparatus was invented was different. Having occasion io 
cut an aqueduct round the bases of some hills, to collect water 
and convey it to a reservoir at a considerable distance, I found 
that to make the aqueduct large enongb, to convey all the water 
as iifidl during floodi^ would be very expensive ; it therefore 
occurred to me, that if a part of the water could be detained 
during floods, and brought away gradually afterwards, a much 
smaller, and of course much less expensive, aqueduct would 
answer the purpose. I therefore made a small reservoir at a con- 
venient place ; and contrived these sluices, ta shut during very 
heavy rains, and open again as they became lighter, which an- 
swered the purpose completely, and was the origin of all these 
weather sluices. 

THE DOUBLE WEATHER SLUICES, FIGURE 9. 

This apparatus- is so far similar to th^ last described ; but it 
has a double operation, the sluices first opening,, one after ano- 
ther, as the streams increase, until they reach a given height ; 

* The apparatus figure 6, will accomplish the same thiug without this small 
reaervoir, hut in most cases (particularly where the elevation of the reservoir 
above, and its. distance from> the works is great,) the expense would be muob 
greattr than is this^ 
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F 6, a pipe which commonicates between that cistern and 

cylinder E« 
H, a yalve that opens or shuts that communication. 
I, a float that rises and falls with the water in the aqueduct. 

The sluice A is here represented shut, and the water in the 
aqueduct at rest. But suppose a part of the water to be dr^wn 
from the aqueduct, then, as its surface falls, so will float T ; 
which thus leaving the spindle of valve H, that valve opens ; 
and then the water flows from cistern F into cylinder E, which, 
when full, descends, raises lever B A, and opens the sluice.-*- 
Again, suppose the water to rise in the aqueduct, the float I 
rising with it, shuts valve U ; when cylinder E is emptied by 
the small aperture in its bottom, and the weight of lever A B 
again shuts the sluice. This sluice also acts as a waster, by 
having a pipe to communicate between the reservoir and cylinder 
E in the same manner as in figure 4. 

A sluice of this description was erected at Rothsay in 1821. 
Sluice A is three feet long and eighteen inches deep ; lever A B 
three feet long ; cylinder E two and a half feet diameter, and the 
same depth. The depth of water above the centre of the sluice^ 
lyhen the reservoir is full, is twenty feet. 

By this contrivance, of making the sluice turn on its centre 
of pressure, the weight of the column cf water resting on it is 
neutralised; it being at the same time equally exerted to open 
and shut the sluice. The acting power has, therefore, only to 
overcome the friction, to -make it move in any direction ; where- 
as in the apparatus figure 4 the power must not only overcome 
the friction, but must also be equal to half the weight of the 
whole column of water pressing upon the sluice.* 

* The other half is borne by the pWots on whibh the slaice turns. When 
the slaice is hinged at the upper side, the power has rather more than half the 
weight to sustain, and when hinged at the under side it has rather less ; but 
where the depth of the sluice bears so small a proportion to the depth of wa- 
ter above it, the difference is not worth noticing in practice. 
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Thus, in the present case, there is a colamn of 90 cubic feet 
of water pressing upon the sluice when the reservoir is full.— > 
Were' the sluice hinged upon one side, as in figure 4, it would 
require the cylinder E to contain forty-five cubic feet of water, 
besides about one tenth more for friction ; and the chain, lever, 
&c., would have to be made strong in proportion. But by this 
contrivance the power to act against this forty*five feet of water 
is wholly saved, and the cylinder requires only to contain water 
sufficient to overcome the friction. 

The apparatus is also simplified by having only one cylinder 
and one valve, instead of two of each as in fig. 4. Bat this 
plan has also some disadvantages. The sluice, when it turns 
upon pivots at its centre, is more difficult to make water tight 
than when it tutns on pivots at on^ edge ; nor does the same 
aperture pass an equal quantity of water ; for, besides the space 
occupied by the sluice in the centre, it also tends to disturb the 
regular flow, or current of the water. 

Besides, this apparatus does not operate so smoothfy as that 
of figure 4— the can £, and consequently sluice A, moving by 
starts. After some experience of these and other constructions, 
the best seems to be, to make the sluice turn on pivots near its 
centre, as in figure 5, with cylinders and valves as in figure 4. 
In this way the motion is preserved equally smooth and uniform, 
as in figure 4 ; while the power necessary to open and shut the 
sluice, and consequently the size and expense of the cylinder, is 
greatly lessened. 

THE SINGLE VALVE SLUICE, FIGURE 6. 

The construction of this apparatus is, in some respects, simi- 
lar to those of figures 4 and 5 ; but its application is to situa- 
tions where the reservoir is on high grounds, and where the wa- 
ter has to pass down a declivity before it is applied as a power 
to the mills. 
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When the water in the canal X Y rises, float P also rises and 
slabkens the chain S P ; the weight U, then falling, shuts valve 
O and opens valve N ; then the water, passing down tube 
K C L D, raises cylinder F G, and the pressure of the water in 
the reservoir shuts^ sluice A. When the water in the canal 
falls, float P falling with it, lifts the weight U, and shuts valve 
N, and opens valve O ; and then the cylinder F G, falling with 
the water in cylinder E D, opens sluice A,—- and so on. 

This construction may perhaps be adopted with advantage, on 
account of its cheapness, where the reservoir is very near the level 
canal, but a considerable height above it; for a brass wire, one 
tenth of an inch diameter, will be strong enough for the chain 
where the distance is short ; it having in any case little more to 
lift than twice it^ own weight. Figure 6, however, seems bet- 
ter adapted to general purposes. 

THE SINGLE WEATHER SLUICE, FIGURE 8. 

One of the purposes to which this apparatus is applicable, is 
to regulate, the supply of water between a reservoir and mill, or 
other works, where the former is at a great distance from, and 
high above, the latter; where several streams fall into the 
aqueduct between them ; and where the adoption of apparatus 
figure 6 might be considered too expensive. But it may also be 
applied to several other useful purposes, as will readily occur to 
such as may have occasion to adopt it. 

A B, part of an aqueduct, (close behind the tunnel of the reser- 
voir,) in which the water is always kept at the same level bjr 
an apparatus like that of figure 4 or figure 5, placed upon the 
tunnel of the reservoir. The communication between this 
part of the aqueduct and that below is opened or closed at 
pleasure by 
B C, a small sluice, (and several others of the same kind which it 
is unnecessary to represent here,) that turns upon pivots at C. 
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neration more to the effects which vau^K follow the SQccessfuI 
establishment of such works than to any direct return from the 
works themselves. All narrow and immediately selfish views 
must be entirely kept out of view : for the least appearance of 
such will prevent persons of skill and capital* from closing : — 

<* For Trade Sn biting climates will not grow, 

'< UtalesB, like prange treen, 'tis housed from snow !*' 

In my estimate I have taken no notice of the rent to be paid 
for the grounds to be covered or flooded by the reservoir, and 
through which the aqueduct passes ; but it cannot be much, as 
the proprietors are understood to be friendly to the measure, and 
the Imids very poor ; probably not worth, upon an average, ten 
shillings an acre annually ; nor is it necessary to purchase or 
feu such grounds ; a servitude over them for that purpose being 
quite sufficient. 

The reservoir, when full, will cover above two hundred Scotch 
acres, partly upon the lands of Ardgowan, and partly on those 
of Gourock and Garvock.f From the estimate it will be ob- 
served that several small reservoirs are to be made above the 
aqueduct, having self-acting sluices to retain, during floods, the 
water from the hills, which would otherwise overflow the aque- 
duct and be lost. There are also self-acting sluices to be placed 
upon the large reservoir, to retain the water there, when enough 
for the works is obtained from the rivulets, on the face of the 
hills, between the reservoir and Greenock. In this way 1 cal- 

* It 18 only persons of skill and capital that shouldhe encouraged to establish 
works here. Needy adventurers will grasp at any thing, and almost on any 
terms :. but what would be the result ? Not only a complete failure in the first 
instance, but the difficulties for the future greatly augmented ; for every one 
is aware of the paralysing effects of a first failure.— See Note 5th. 

f It was afterwards determined to raise the embankment about four feet 
higher, which has been done ; and now (1828) the reservoir covers 29i% im- 
perial acres, and contains something above 284,000,000 millions of cubic feet 
of water. 
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it sends down tbe wliole supply fironr iIm reservoir ; wken Ihese 
streams furnish a part, it seada dovrn the femaining^ pAi^» what- 
ever it may he ; and when these streams furnish the whole sup- 
ply, it shuts the reservoir entirely : so thaH the supply of water 
to the laills is always the same, whether tke weatlMr be: y^t or 
dry. 

To accomplish this, the whole number of sluices (BC) placed 
on the aqueduct A B, are calculated so as jiist to pass the whole 
quantity of water wanted at the mills ; and as more ot less wa-* 
ter is produced by these streams, a greater or lesser namtter of 
these sluices will open of shui ; so? as to keep th^ quantity tit 
the millSi uniformly the same. The number of these sluiceii will • 
be more or less as the case may require ; in this w^ suppose 
three, as being sufficient tO' illustrate the principle. 

Let us suppose, then, the weather very dry ; the streams be- 
tween the reservoir and, the mills. quite dried up ; and the sluices 
B C all open : rain comes, and these streams beginto floW : but 
the same rains that swell these streams, swell also the rivulet 
I K ; and by the time the first produce a quantity equal to what 
one sluice (B C) can pass, the last will have risen so as to flow 
out at aperture 1, thence down pipe L M N into, can D E ; which 
shuts sluice B C. When these strea^ms increase, so -as to produce 
as much water as two. of Uie sluices (B G) can pass, then the 
rivulet I K will have swollen so as to flow out at aperture 2, 
and thence through P into a second can ; which ^Uts? a second 
sluice : when they increase so as to produce a quantity equal to 
what three of the sluices (B C) 4»in pass, then the water in the 
rivulet IK, will have risen so as to flow out at aperture S, and 
thence through R into a third can ; whidi shuts a third sluicie. 

Again :. suppose the weather to beoomii fhir, and the streams 
begin to decrease ; by the time they fall short a quantity equal 
to what one sluice (B C) can pass, the water in the rivulet I R 
will have fallen so as not to flow out at aperture 3, and, of course*, 
one can will be empty, and one sluice open : by the time the 
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fall short a quantity equal to what two sluices can pass^ the 
water in the rivulet I K will have fallen so as not to flow oat at 
aperture 2, and a second can will have become empty, and a se- 
cond sluice open : when they shall have fallen short a quantity 
equal to what three sluices can pass, the water in the rivulet 
I K will have fallen so as not flow out at aperture 1, and a third 
can will have become empty, and a third sluice open, &c. &c« 

Id this way the water may be regulated at pleasure ; and if a 
small reservoir were made near the works, to retain the water 
that fl'ows during the night, (or when the Mills are not at work), 
not a drop would be lost.^ The- purpose, however, for whicb 
this apparatus was invented was different. Having occasion io 
cut an aqueduct round the bases of some hills, to collect water 
and convey it to a reservoir at a considerable distance, I found 
that to make the aqueduct large enough,, to convey all the water 
as itfeU during floods, would be very expensive ; it therefore 
occurred to me, that if a part of the water could be detained 
during floods, and brought away gradually afterwards, a much 
smaller, and of course much less expensive, aqueduct would 
answer the purpose. I therefore made a small reservoir at a con- 
venient place ; and contrived these sluices, ta shut during very 
heavy rains, and open again as they became lighter,, which an- 
swered the purpose completely, -and was the origin of all these 
weather sluices. 

THE DOUBLE WEATHER SLUICES, FIGURE 9. 

This apparatus- is sa far similar to th^ last described ; but it 
has a double operation, the sluices flrst opening,, one after ano- 
ther, as the streams increase, Bntil they reach a given height ; 

* The apparatus figure 6, will accomplish the same thiug without this small 
reservoir, but in most cases (particularly where the elevation of the reservoir 
above, and its. distance from, the works is great,) the expense would be muob 
greater than is this^ 
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F 6, a pipe which commonicates between that cistern and 

cylinder E. 
H9 a valve that opens or shuts that communication. 
I, a float that rises and falls with the water in the aqueduct. 

The sluice A is here represented shut, and the water in the 
aqueduct at rest. But suppose a part of the water to bedr^wn 
from the aqueduct, then, as its surface falls, so will float T ; 
which thus leaving the spindle of valve H, that valve opens ; 
and then the water flows from cistern F into cylinder E, which, 
when full, descends, raises lever B A, and opens the sluice- 
Again, suppose the water to rise in the aqueduct, the float I 
rising with it, shuts valve U ; when cylinder E is emptied by 
the small aperture in its bottom, and the weight of lever A B 
again shuts the sluice. This sluice also acts as a waster, by 
having a pipe to communicate between the reservoir and cylinder 
E in the same manner as in figure 4. 

A sluice of this description was erected at Rothsay in 1821. 
Sluice A is three feet long and eighteen inches deep ; lever A B 
three feet long ; cylinder E two and a half feet diameter, and the 
same depth. The depth of water above the centre of the sluice, 
lyhen the reservoir is full, is twenty feet. 

By this contrivance, of making the sluice turn on its centre 
of pressure, the weight of the column cf water resting on it is 
neutralised ; it being at the same time equally exerted to open 
and shut the sluice. The acting power has, therefore, only to 
overcome the friction, to -make it move in any direction ; where- 
as in the apparatus figure 4 the power must not only overcome 
the friction, but must also be equal to half the weight of the 
whole column of water pressing upon the sluice.* 

* The other half is borne by the pWots en whibh the slaice turns. When 
the sluice is hinged at the upper side, the power has rather more than half the 
weight to sustain, and when hinged at the under side it has rather less ; but 
where the depth of the sluice bears so small a proportion to the depth of wa- 
ter above it, the difference is not worth noticing in practice. 
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Thus, in the present case, there is a colamn of 90 cubic feet 
of water pressing upon the sluice when the reservoir is full.— • 
Were' the sluice hinged upon one side, as in figure 4, it would 
require the cylinder E to contain forty-five cubic feet of water, 
besides about one tenth more for friction ; and the chain, lever, 
&c., would have to be made strong in proportion. Bot by this 
contrivance the power to act against this forty-five feet of water 
is wholly saved, and the cylinder requires only to contain water 
sufficient to overcome the friction. 

The apparatus is also simplified by having only one cylinder 
and one valve, instead of two of each as in fig. 4. But this 
plan has also some disadvantages. The sluice, when it turns 
upon pivots at its centre, is more difficult to make water tight 
than when it tutns on pivots at on^ edge ; nor does the same 
aperture pass an equal quantity of water ; for, besides the space 
occupied by the sluice in the centre, it also tends to disturb the 
regular flow, or current of the water. 

Besides, this apparatus does not operate so smoothfy as that 
of figure 4 — the can £, and consequently sluice A, moving by 
starts. After some experience of these and other constructions, 
the best seems to be, to make the sluice turn on pivots near its 
centre, as in figure 5, with cylinders and valves as in figure 4. 
In this way the motion is preserved equally smooth and uniform, 
as in figure 4 ; while the power necessary to open and shut the 
sluice, and consequently the size and expense of the cylinder, is 
greatly lessened. 

THE SINGLE VALVE SLUICE, FIGURE 6. 

The construction of this apparatus is, in some respects, simi- 
lar to those of figures 4 and 5 ; but its application is to situa- 
tions where the reservoir is on high grounds, and where the wa- 
ter has to pass down a declivity before it is applied as a power 
to the mills. 
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A P> 9^ oi th^ iimpd of a reservoir* 

fi, ft flw^ i^^ .tuns upon pivots, placed a little above its 

jCj5»tr« of pr#«9|tr^- 
C P^ t^ rivule^t' that caries tl^ water from the reM'v^r 

. 4qivji^ 

f (Qr, parit of akvel can^l or aqaedue(> near the iniUs. 
^ H» a bollow cylindf r« 

K l>» a cy^indef, w»l;^pr»of» Qf rather less specific l^ravtty 
than water, which moves 'freely up and dowu^ within cylinder 

KB. 
If, a pnlley, 

B Al K9 » ebain, &C. 

^ C, ^ si9al} cistern, kept always full of water by waste from 

the sluice, or by fL email hole in it* 
U I^ a small pipe, cpQunimifsating between cistern I C and 

cyUuder EH. 

£ N, another small pipe, commwEiiciitinfr, vnder grotind, be* 

twe^ cylinder ]S H» and 
Jf, a vjEdve at the loiver end of pipe £ N, which, when open, is 

capable of paasipg more water than the pipe H I can* receive. 
R, a floalf placed within a sm^U pool of whaler, on the same 

level IIS9 and commimicating with the ca^al. 

The wtter in tbo canal is here represented at its greatest 
height; end the valve N shnt^ by tfao float R pressing up the 
spiqdle t the cylinder £ H is tberefore filled with water from 
the cistern I C ; and the sluice B shut by the pressure of the 
water in the reservoir, there being, by construction, a little 
more pressure k^btif thim a6et« the pivots. When the surface 
of the water falls in the canal, the float R 'falls with it; and 
then the valve N (falliiig by its own weight) opens, and empties 
the cylinder £ H ; when cylinder K L fdls, and opens sluice B, 
and gives the supply required. 

It is tberefore ot qo consequence^ in regard to regulating the 
supply of water, how far the reservoir is from, or how high 
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above, the level of the works requiring the supply ; save that 
the length of the pipe £ N must correspond with the distance^ 
and its strength with the height or pressure of the water. It is 
necessary, however, that the bore of this pipe should be small, 
particularly where its length is considerable ; in order that sluice 
B may open or shut yery soon after valve N opens ot shifts, and 
at the same time require only a small supply of water. Suppose, 
therefore, the opening into the pipe jB N at I to be only a half 
inch bore, and that the valve' N is shut when that pipe is empty, 
it is evident that the sluice B will not shut till both that pipe 
and cylinder E H be filled with water ; and that the smaller the 
diameter of that pipe be the sooner will it be filled. The time, 
therefore, that sluice B takes to shut, after valve N shuts, will 
always be the same as the time that pipe E N and cylinder E H 
then take to fill ; and to make sluice B take an equal length of 
time to open after Talve N opens, the aperture of that valve 
must be such as to take an equal length of time to run off the 
water to the bottom of cylinder E H, while the water is still 
flowing into the aperture at I, as that aperture takes to fill both 
cylinder and pipe when valve N is shut. 

THE CHAIN SLUICE, FIGURE 7. 

This apparatus answers exactly the saine purpose as the last ; 
only the construction is different* 

In this figure the relative situation^ of the reservoir and canal, 
and the construction of sluice A, are the same as in figure 6 ; 
and the cylinders and valves, the same as in figure 4 ; with the 
addition of 
R S, a lever, 
S P, a chain. 
U, a weight, suspended to the spindle of the valves N and 0. 

One end of the lever R S is connected with the valve spindle 
N O, and the other end with the chain S P ; the other end of this 
chain is connected witb the float P on the canal X Y below. 
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When the water in the canal X Y rises, float P also rises and 
slackens the chain S P ; the weight U, then failing, shuts valve 
O and opens valve N ; then the water, passing down tube 
K C L D, raises cylinder F G, and the pressure of the water in 
the reservoir shuts' sluice A. When the water in the caoal 
falls, float P falling with it, lifts the weight U, and shuts valve 
N, and opens valve O ; and then the cylinder F G, falling with 
the water in cylinder E D, opens sluice A,— -and so on. 

This construction may perhaps be adopted with advantage, on 
account of its cheapness, where the reservoir is very near the level 
canal, but a considerable height above it; for a brass wire, one 
tenth of an inch diameter, will be strong enough for the chain 
where the distance is short ; it having in any case little more to 
lift than twice its own weight. Figure 6, however, seems bet- 
ter adapted to general purposes. 

THE SINGLE WEATHER SLUICE, FIGURE 8. 

One of the purposes to which this apparatus is applicable, is 
to regulate, the supply of water between a reservoir and mill, or 
other works, where the former is at a great distance from, and 
high above, the latter; where several streams fall into the 
aqueduct between them ; and where the adoption of apparatus 
figure 6 might be considered too expensive. But it may also be 
applied to several other useful purposes, as will readily occur to 
such as may have occasion to adopt it. 

A B, part of an aqueduct, (close behind the tunnel of the reser- 
voir,) in which the water is always kept at the same level bjr 
an apparatus like that of figure 4 or figure 5, placed upon the 
tunnel of the reservoir. The communication between this 
part of the aqueduct and that below is opened or closed at 
pleasure by 
B C, a small sluice, (and several others of the same kind which it 
is unnecessary to represent here,) that turns upon pivots at C. 
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It is only necessary, therefore, to hold out and grant terms so 
advantageous in other respects as would compensate these disad- 
vantages, and induce persons of skill and capital to embark in 
such works, and, at already observed, tw others should be encou- 
raged to do 90. Nor would thq advantageous terms thus granted 
prove more beneficial to the manufacturer, than to the Lord of the 
Manor, and the other proprietors of land in the vicinity. When 
periods of dull trade occur— and they will occur occasionally, 
whilst trade itself exists— it is usual for many such works to be 
stopped, and the starving population thrown for support upon 
the property around them. Now, whatever may be the cause 
of this dull trade, there can be no doubt that its bad effects are 
greatly increased \}j panic ; and that manufacturers, who know 
that they carry on their business to disadvantage, as compared 
with others, are naturally the most easily as well as most seri- 
ously alarmed, aiid the first to throw their hands idle ; whereas 
an establishment, knowing that it really does possess considera- 
ble advantages, will, particularly if it employs many hands, carry 
on, even if it should be to a loss for a time, — well knowing that 
it must in the end swim, if others should sink. « 

It is, therefore, of the utmost importance to all having pro- 
perty in the vicinity of public works-— particularly in the vici- 
nity of those employing many hands — that such works should be 
possessed of as many advantages as possible ; for it is only the 
knowledge of being possessed of such advantages that can protect 
them from the general panicy and enable them to carry on their 
worhs whUe others are stopped. And if a work, employing many 
hands, really does possess such advantages, and its owners be 
possessed of the requisite skill and capital, they will find it their 
interest to keep their hands always employed. Such works may,, 
therefore, be calculated upon with confidence, to go on steadily 
even in the worst of times. To satisfy ourselves that this reason- 
ing is just, we have only to look around us to see many striking 
and pleasing examples. Hence Proprietors of the soil, who, in 
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it sends down tbe whole, supply from: tlM feservoir ; wliien (faese 
streams furnish a part, it seada down the leisaijining part, what- 
ever it may be ; and when these streams furnish the Whole sup- 
ply, it shuts the reservoir entirely : soi thai tliesnpply of water 
to the Diills is always the same, whether the weatiiier he: ^i^t or 
dry. 

To accomplish this, the whole number of »lin«es (E €) placed 
on the aqueduct A B, are calculated so as J4i8t to pass the whole 
quantity of water wanted at the mills ; and as more oit less wa" 
ter is produced by these strea^ms, a greater or lesser numtter of 
these sluices will open, or shui ; so: as* tb keep th^ quantity ai 
the millSi uniformly the same* The number of these sluiceii will - 
be more or less as the case may require ; in this w^ silppose 
three, as being sufficient to. illustrate the principle. 

Let us suppose, then, the weather very dry ; the streams be- 
tween the lieservoir. and, the mills.qoite dried up ; and the sluices 
B C all open : rain comes, and these streams beginto flo# : but 
the same rains that swell these streams^- swell also the rivulet 
I K ; and by the time the first produce a' quantity equal to what 
one sluice (B C) can pass^ the last will have risen so as to* flow 
out at aperture 1, thence down pipe h M N inta.can D E ; which' 
shuts sluice B C. When these streams increase, so-aS to prodobe 
as much water as two. of the sluices (BG) ctin pttss, then the 
rivulet IK will ba;va swollen so as to flow out at apeHure 2, 
and thence through P into a second can ; which shutsr a second 
sluice : when they increase so as to produce a quantity equal to 
what three of the sluices (B C) ^n pass, tb€fn the water in the 
rivulet I K» will have risen so as to flow out at- aperture 3^ and 
thence through R into a third can; whiijb shuts a third sluice* 

Again :. suppose the weather to beootti^ fkir, and the streams 
begin to decrease ; by the time they fall short a quantity equal 
to what one sluice (B C) can pass, the wat«r in the rivulet I K 
will have fallen so as not to flow out at aperture 3, and, of c6ur^e, 
one can will be empty, and oile sluice open : by the time the 
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fall short a quantity equal to what two sluices ean pass, the 
water in the rivulet I K will have fallen so as not to flow out at 
aperture 2, and a second can will have become empty, and a 8e« 
cond sluice open : when they shall have fallen short a quantity 
equal to what three sluices can pass, the water in the rivulet 
I K will have fallen so as not flow out at aperture 1, and a Uiird 
can will have become empty, and a third sluice open, &c« &c. 

In this way the water may be regulated at pleasure ; and if a 
small reservoir were made near the works, to retain the water 
that ffows during the night, (or when the Mills are not at work), 
not a drop would be lost.* The. purpose, however, for which 
this apparatus was invented was different* Having occasion to 
cut an aqueduct round the bases of some hills, to collect water 
and convey it to a reservoir at a considerable distance, I found 
that to make the aqueduct large enougb, to convey all the water 
as it fell during floodsy would be very expensive ; it therefore 
occurred to me, that if a part of the water could be detained 
during floods, and brought away gradually afterwards, a much 
smaller, and of course much less expepsive, aqueduct would 
answer the purpose. I therefore made a small reservoir at a con- 
venient place ; and contrived these sluices, {/f> shut during very 
heavy rains, and open again as they became lighter, which an- 
swered the purpose completely, -and was the origin of all these 
weather sluices. 

THE DOUBLE WEATHER SLUICES, FIGURE 9. 

This apparatus- is sa far similar to th^ last described ; but it 
has a double operation, the sluices first opening, one after ano- 
ther, as the streams increase, until they reach a given height ; 

* The apparatus figure 6, will accomplish the same thiug without this small 
reservoir, but in most cases (particularly where the elevation of the reservoir 
above, and its distance from> the works it great,) the expense would be mucb 
greater than \m thisk 
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F Gy a pipe which commanicates between that eistera and 

cylinder £• 
H, a Talve that opens or shuts that communication* 
If a float that rises and falls with the water in the aqueduct. 

The sluice A is here represented shut, and the water in the 
aqueduct at rest. But suppose a part of the water to be drawn 
from the aqueduct, then, as its surface falls, so will float T ; 
which thus leaving the spindle of valve H, that valve opens ; 
and then the water flows from cistern F into cylinder E, which, 
when full, descends, raises lever B A, and opens the sluice.--- 
Again, suppose the water to rise in the aqueduct, the float I 
rising with it, shuts valve U ; when cylinder £ is emptied by 
the small aperture in its bottom, and the weight of lever A B 
again shuts the sluice. This sluice also acts as a waster, by 
having a pipe to communicate between the reservoir and cylinder 
E in the same manner as in figure 4. 

A sluice of this description was erected at Rothsay in 1821. 
Sluice A is three feet long and eighteen inches deep ; lever A B 
three feet long ; cylinder £ two and a half feet diameter, and the 
same depth. The depth of water above the centre of the sluice, 
lyhen the reservoir is full, is twenty feet. 

By this contrivance, of 'making the sluice turn on its centre 
of pressure, the weight of the column cf water resting on it is 
neutralised ; it being at the same time equally exerted to open 
and shut the sluice. The acting power has, therefore, only to 
overcome the friction, to^nake it move in any direction ; where- 
as in the apparatus figure 4 the power must not only overcome 
the friction, but must also be equal to half the weight of the 
whole column of water pressing upon the sluice.* 

* The other half ii borne by the piyots on whil^b the elaice turns. When 
the sluice is hinged at the upper side, the power has rather more than half the 
weight to sustain, and when hinged at the under side it has rather less ; but 
where the depth of the sluice bears so small a proportion to the depth of wa- 
ter above it, the difference ie not worth noticing in practice. 
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Thus, in the present case, there is a column of 90 cubic feet 
of water pressing upon the sluice when the reservoir is full.— 
Were' the sluice hinged upon one side, as in figure 4, it would 
require the cylinder E to contain forty-five cubic feet of water^ 
besides about one tenth more for friction ; and the chain, lever» 
&c., would have to be made strong in proportion. But by this 
contrivance the power to act against this forty-five feet of water 
is wholly saved, and the cylinder requires only to contain water 
sufficient to overcome the friction. 

The apparatus is also simplified by having only one cylinder 
and one valve, instead of two of each as in fig. 4. But this 
plan has also some disadvantages. The sluice, when it turns 
upon pivots at its centre, is more difficult to make water tight 
than when it tul^ns on pivots at one edge ; nor does the same 
aperture pass an equal quantity of water ; for, besides the space 
occupied by the sluice in the centre, it also tends to disturb the 
regular flow, or current of the water. 

Besides, this apparatus does not operate so smoothly as that 
of figure 4 — the can E, and consequently sluice A, moving by 
starts. After some experience of these and other constructions, 
the best seems to be, to make the sluice turn on pivots near its 
centre, as in figure 5, with cylinders and valves as in figure 4. 
In this way the motion is preserved equally smooth and uniform, 
as in figure 4 ; while the pfower necessary to open and shut the 
sluice, and consequently the size and expense of the cylinder, is 
greatly lessened. 

THE SINGLE VALVE SLUICE, FIGURE 0. 

The construction of this apparatus is, in some respects, simi- 
lar to those of figures 4 and 5 ; but its application is to situa- 
tions where the reservoir is on high grounds, and where the wa- 
ter has to pass down a declivity before it is applied as a power 
to the mills. 
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A P» 9^ oi tM ioopd of A reservoir* 

fi, A fli^^l^ il9«4 .tur^s upon pivots, placed a little above its 

ic^tre of pr^sJiurp. 
C P^ t^ rivuleV tbat caries tbo water from the ren^voir 

. 4owjiM> 

F l&f pari pf a fevel canitl or aqaediiet, near the milk. 
IJ H* a boUow qyliodf r. 

K ]L»f a cylindef , w«U^pn90f> of rather less specific l^ravity 
than water, which moves 'freely up and dowu^within cylinder 

KB. 
If, a pidley, 

B M K> a iebaiD, &c 

I C» a sDiali cisteroy kept always full of water by waste from 

the rivice, on by ft email bole ia it* 
H I^ a small pipe, cemmwiicating betlreeii cistern i C and 

cytipder EH. 

E N, another small pipe, Qomm»ifticatin|r) under ground, be* 

tween cyliuder IS H» aud 
]{, a vidve at the tourer end of i^pe £ N, which, when open, is 

papable of passing more water than the pipe H I canr receive. 
R, a float, plaoed within a swill j^lof neater, on the same 

level as, and covlmimteating with the canal. 

The witer in tJbe canal ift here represented at its greatest 
beigbt; lod the valv^e N ahut^ by thio float R prelBsing np the 
spindle t the cylinder £ H is therefore filled with water from 
the cistern I C ; and the sluice B shut by the pressure of the 
water in the reservoir, there being, by construction, a little 
more pressure (W^ thiol ainfve the pivots. When the surface 
of the water falls in the canal, the float R 'falls with it ; and 
thei) the valve N (falling by its own weight) opens, and empties 
the cylinder £ H ; when cylinder K L fsdls, and opens sluice fi, 
and gives the supply required. 

It is therefore oT no consequence^ in regard to regulating the 
supply of water, how far the reservoir is from, or how high 
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above, the level of the works requiringf the supply ; save that 

the length of the pipe E N must correspond with the distance^ 

and its Hrengih with the height or pressure of the water. It is 

necessary, however, that the bore of this pipe should be small, 

particularly where its length is considerable ; in order that sluice 

B may open or shut very soon after valve N opens or shuts, and 

at the same time require only a small supply of water* Suppose, 

therefore, the opening into the pipe £ N at I to be only a half 

inch bore, and that the valve N is shut when that pipe is empty, 

it is evident that the sluice B will not shut till both that pipe 

and cylinder E H be filled with water ; and that the smaller the 

diameter of that pipe be the sooner will it be filled. The time, 

therefore, that sluice B takes to shut, after valve N shuts, will 

always be the same as the time that pipe E N and cylinder E H 

then take to fill ; and to make sluice B take an equal length of 

time to open after valve N opens, the aperture of that valve 

must be such as to take an equal length of time to run off the 

water to the bottom of cylinder E H, while the water is still 

flowing into the aperture at I, as that aperture takes to fill both 

cylinder and pipe when valve N is shut. 

THE CHAIN SLUICE, FIGURE 7. 

This apparatus answers exactly the same purpose as the last ; 
only the construction is difierent* 

In this figure the relative situation^ of the reservoir and canal, 
and the construction of sluice A, are the same as in figure 6 ; 
and the cylinders and valves, the same as in figure 4; with the 
addition of 
R S, a lever* 
S P, a chain. 
U, a weight, suspended to the spindle of the valves N and 0. 

One end of the lever R S is connected with the valve spindle 
N 0, and the other end with the chain S P ; the other end of this 
chain is connected witb the float P on the canal X Y below. 
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When the water in the canal X Y rises, float P also rises and 
slackens the chain S P ; the weight V, then falling, shats valve 
and opens valve N ; then the water, passing down tube 
K C L D, raises cylinder F 6, and the pressure of the water io 
the reservoir shuts' sluice A. When the water in the canal 
falls, float P falling with it, lifts the weight U, and shuts valve 
N, and opens valve O ; and then the cylinder F 6, falling with 
the water in cylinder E D, opens sluice A, —and so on* 

This construction may perhaps be adopted with advantage, on 
account of its cheapness, where the reservoir is very near the level 
canal, but a considerable heiffhi above it; for a brass wire, one 
tenth of an inch diameter, will be strong enough for the chain 
where the distance is short ; it having in any case little more to 
lift than twice it9 own weight. Figure 6, however, seems bet- 
ter adapted to general purposes. 

THE SINGLE WEATHER SLUICE, FIGURE 8. 

One of the purposes to which this apparatus is applicable, is 
to regulate, the supply of water between a reservoir and mill, or 
other works, where the former is at a great distance from, and 
high above, the latter; where several streams fall into the 
aqueduct between them ; and where the adoption of apparatus 
figure 6 might be considered too expensive. But it may also be 
applied to several other useful purposes, as will readily occur to 
such as may have occasion to adopt it. 

A B, part of an aqueduct, (close behind the tunnel of the reser- 
voir,) in which the water is always kept at the same level by 
an apparatus like that of figure 4 or figure 5, placed upon the 
tunnel of the reservoir. The communication between this 
part of the aqueduct and that below is opened or closed at 
pleasure by 
B C, a small sluice, (and several others of the same kind which it 
is unnecessary to represent here,) that turns upon pivots at C. 
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latioDSy or as to the amount of damage arising from any such 
causes, all such claims shall be referred to Arbitration, in the 
terms esrpressed in Article 14th* 

XII. 

In the event of a fall of snow, so heavy as to obstruct or im- 
pede the passage of the Water along the Aqueduct and Mill- 
Leads, the €k>mpany shall furnish, whilst there is only one Mill 
started, four able workmen for every one smch workman furnish- 
ed by the Mill Proprietors, for the purpose of clearing out the 
same, with as little delay as possible* When there are two Mills 
started, then the Company shall furnish three able workmen for 
every such workman furnished by the Proprietors or Occupiers 
of the two Milk* When three Mills are started,, then the Com- 
pany shall fumfsh two men for every three furnished by the 
Mills ; and when four or more Mills are started, the Proprietors 
themselves of these Mills, on whatever Line they are placed, 
shall be at the whole trouble and expense of so cleaning the Aque-. 
ducts and Leads ; only they shall, on every such occasion, give 
notice of the same to the Clerk or Clerks, or Engineer, of the 
Company, so that they (the ^Company) may send a fit person or 
persons to superintend such operations, in order that no injury 
may be thereby done to the Aqueducts, Leads, or other property 
of the Company* The number of men to be furnished for this 
purpose, by each Mill, to be in proportion to the height of its 
Fall* The whole number shall be fixed from time to time by 
the Proprietors of at least a majority of the Mills then started ; 
and what is so fixed shall be binding on the Proprietors and Oc- 
cupiers of the whol^ of such Mills. And if the Proprietors or 
Occupiers of any of the Mills shall fail ot neglect to furnish the 
number pf men thus fixed, they shall be liable to the Proprietors 
or Occupiers of the Mills furnishing their quota, not only in 
double wages for each deficient man, but also for a sum equal to 
. two days* Water-rent for each day their Mill shall be thereby 
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it sends down tbe whole supply from: tlM peserviMr ; wlven these 
streams furnish a part, it aeada down the vemaining part, what- 
ever it may be ; and when these streams furnish the Whole sup- 
ply, it shuts the reservoir entirely : so» thai the supply of water 
to the mills is always the same, whether the weather he vfet or 
dry. 

To accomplish this, the whole number of slin«es (B €) placed 
on the aqueduct A B, are calculated so as J4i8t to pass the whole 
quantity of water wanted at the mills ; and as more OD less wa-* 
ter is produced by these streams, a greater or lesser numtter of 
these sluices will open, or shuili ; so; a8= tb keep the quantity ai 
the millS: uniformly the same. The number of these sluieeii will * 
be more or less as the case may require; in this w^ silppose 
three, as being sufficient ta illustrate the principle. 

Let us suppose, then, the weather very dry ; the streams be- 
tween the reservoir and, the mills qoite dried up ; and the sluices 
B C all open : rain comes, and these streams beginto iloW : but 
the same rains that swell these streams^ swell also the rivulet 
I K ; and by the time the first produce a' quantity equal to wha^ 
one sluice (B C) can pass^ the last will- have risen so as to* flow 
out at aperture 1, thence down pipe L M N into, can E ; which- 
shuts sluice B C. When these streams increase, so-aS to produce 
as much water as two. of the sluices (B G) can pttss, then the 
rivulet IK will ba;ve swollen so as to flow out at aperture 2, 
and thence through P into a second can ; which shuts a second 
sluice : when they increase so as to produce a quantity equal to 
what three of the sluices (B C) xsan pass, tb€fn the water in the 
rivulet I K» will have risen so as to flow out at aperture 3^ and 
thence through R into a third can ; whiijh shuts a third sluicie* 

Again :. suppose the weather to beoomd ihir, and the streams 
begin to decrease ; by the time they fall short a quantity equal 
to what one sluice (B C) can pass, the water in the rivulet I R 
will have fallen so as not to flow out at aperture 3, and, of course*, 
one can will be empty, and one sluice open : by the time the 
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fall short a quantity equal to what two sluices ean pass, the 
water in the rivulet I K will ha?e fallen so as not to flow out at 
aperture % and a second can will have become empty, and a se- 
cond sliiice open : when they shall have fallen short a quantity 
equal to what three sluices can pass, the water in the rivulet 
I K will have fallen so as not flow out at aperture 1, and a third 
can will have become empty, and a third sluice open, &c* &c. 

In this way the water may be regulated at pleasure ; and if a 
small reservoir were made near the works, to retain the water 
that fl^ows during the night, (or when the Mills are not at work), 
not a drop would be lost** The. purpose, however, for which 
this apparatus was invented was different. Having occasion to 
cut an aqueduct round the bases of some hills, to collect water 
and convey it to a reservoir at a considerable distance, I found 
that to make the aqueduct large enough, to convey all the water 
as it fell during floods^ would be very expensive ; it therefore 
occurred to me, that if a part of the water could be detained 
during floods, and brought away gradually afterwards, a much 
smaller, and of course much less expepsive, aqueduct would 
answer the purpose. I therefore made a small reservoir at a con- 
venient place ; and contrived these sluices, to shut during very 
heavy rains, and open agaki as they became lighter, which an- 
swered the purpose completely, -and was the origin of all these 
weather sluices. 

THE DOUBLE WEATHER SLUICES, FIGURE 9. 

This apparatus^ is so far similar to th^ last described ; but it 
has a double operation, the sluices first opening, one after ano- 
ther, as the streams increase, until they reach a given height ; 

* The apparatus figure 6, will accomplish the same thiug without this small 
reservoir, but in most cases (particularly where the elevation of the reservoir 
above, and its. distance from> the works it great,) the expense would be muob 
greater than la thisk 
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A P» 9^ oi the iiiiuid of a reservoir. 

Bf A 9li^<l9 ihH .tur^s upon pivots, placed a little above its 

jc^^tre of pr^s^ure. 
C P^ t^ rivulet tbat carries tbe water from ihe ren^voir 

. 4owjiM> 

F 1^9 t^H pf a tevel caiiftl or aqaedna* near the miV». 
U H, a bollow qyliiidf r. 

K I^» a cylinder, w«M;erpr)90f, of ratber less specific jpravity 
than water, which moves 'freely up and down^wiibin cylinder 

H, a pidley, 

B M K> » iebain, &c 

I C» ^ smul} cistern, kept always full of water by waste from 

the sluice, or by ft simall bole in it* 
H I^ a small pipe, cpmmnninaiing between cistern I C and 

cyHnd^r B H. 

E N, another small pipe, QonHn»niciitin|r) under ground, he* 

tween cylinder IS H, and 
H^i a vidve at the lower end of i^pe £ N, which, when open, is 

capable of passing more water tban the pipe H I canr receive. 
R, a float* plaoed witbin a smlall pool of Water, on the same 

level as, and contmimieating with the canal. 

The water in tJbe canal iU here represented at its greatest 
height; end tbe valve N shut^ by tfaio float R pressing up the 
spindle t the cylinder £ H is therefore filled with water from 
the cistern I C ; and the sluice B shut by the pressure of the 
water in the reservoir, there being, by construction, a little 
more pressure t^km tbim <i6et« the pivots. When the surface 
of the water falls in the canal, the float R 'falls with it ; and 
then the valve N (falling by its own weight) opens, and empties 
the cylinder £ H ; when cylinder K L fsdls, and opens sluice B, 
and gives the supply required. 

It is therefore oT no consequence^ in regard to regulating the 
supply of water, how far the reservoir is from, or how high 
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above, the level of the works requiring the supply ; save that 

the length of the pipe £ N must correspond with the distance, 

and its strengih with the keigkt or pressure of the water. It is 

necessary, however, that the bore of this pipe should be small, 

particularly where its length is considerable ; in order that sluice 

B may open or shut very soon after valve N opens or shuts, and 

at the same time require only a small supply of water* Suppose, 

therefore, the opening into the pipe £ N at I to be only a half 

inch bore, and that the valve N is shut when that pipe is empty, 

it is evident that the sluice B will not shut till both that pipe 

and cylinder E H be filled with water ; and that the smaller the 

diameter of that pipe be the sooner will it be filled* The time, 

therefore, that sluice B takes to shut, after valve N shuts, will 

always be the same as the time that pipe E N and cylinder E H 

then take to fill ; and to make sluice B take an equal length of 

time to open after valve N opens, the aperture of that valve 

must be such as to take an equal length of time to run off the 

water to the bottom of cylinder E H, while the water is still 

flowing into the aperture at I, as that aperture takes to fill both 

cylinder and pipe when valve N is shut. 

THE CHAIN SLUICE, FIGURE 7. 

This apparatus answers exactly the same purpose as the last ; 
only the construction is difierent* 

In this figure the relative situation^ of the reservoir and eanal^ - 
and the construction of sluice A, are the same as in figure 6 ; 
and the cylinders and valves, the same as in figure 4 ; with the 
addition of 
R S, a lever* 
S P, a chain. 
U, a weight, suspended to the spindle of the valves N and 0. 

One end of the lever R S is connected with the valve spindle 
N 0, and the other end with the chain S P ; the other end of this 
chain is connected witb the float P on the canal X Y below. 
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When the water in the canal X Y rises, float P also rises and 
slalskens the chain S P ; the weight U, then falling, shuts valve 
O and opens valve N ; then the water, passing down tube 
K C L D, raises cylinder F 6, and the pressure of the water io 
the reservoir shuts' sluice A. When the water in the canal 
falls, float P falling with it, lifts the weight U, and shuts valve 
N, and opens valve O; and then the cylinder F G, falling with 
the water in cylinder £ D, opens sluice A, —and so on* 

This construction may perhaps be adopted with advantage, on 
account of its cheapness, where the reservoir is very near the level 
canal, but a considerable height above it; for a brass wire, one 
tenth of an inch diameter, will be strong enough for the chain 
where the distance is short ; it having in any case little more to 
lift than twice it9 own weight* Figure 6, however, seems bet- 
ter adapted to general purposes. 

THE SINGLE WEATHER SLUICE, FIGURE 8. 

One of the purposes to which this apparatus is applicable, is 
to regulate. the supply of water between a reservoir and miU, or 
other works, where the former is at a great distance from, and 
high above, the latter ; where several streams fall into the 
aqueduct between them ; and where the adoption of apparatus 
flgure 6 might be considered too expensive. But it may also be 
applied to several other useful purposes, as will readily occur to 
such as may have occasion to adopt it. 

A B, part of an aqueduct, (close behind the tunnel of the reser- 
voir,) in which the water is always kept at the same level by 
an apparatus like that of figure 4 or figure 5, placed upon the 
tunnel of the reservoir. The communication between this 
part of the aqueduct and that below is opened or closed at 
pleasure by 
B C, a small sluice, (and several others of the same kind which it 
is unnecessary to represent here,) that turns upon pivots at C. 
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successors, and In the event of the said A B and C D, and their 
foresaids transgressing in any of the abovementioned prohibitions, 
either by erecting dvfelHng-houses or other buildings for habitation^ 
or by converting any buildings into dwelling'^houses, or by sub* 
feuing or -conveying with double holdings, then the dispositions or 
other deeds containing such contravention «hall lie void and null, 
and shaH confer no right on the disponees, and the person or per- 
sons so transgressing shall forfeit all right to the premises, jivhich 
shall recognosce and fall back to the said Shaws Water Joint Stock 
Contpany and their foresaids. But without prejudice to the vassals 
to grant heritable securities on ihe premises, redeemable by the 
grantor and his heirs or assignees, with a double holding and with 
a precept of sasine, which securities and iofeftment to follow there- 
on, shall not be affected by the above prohibitions or irritancy, they 
being ^al ways redeemable, and it being therein declared that in the 
eveBt.4>f a eale taking place in virtue of any power to be contained 
ia the heritable bond, the disposition to the purchaser shall contain 
all the conditions and restrictions before specified, otherwise the 
same and the sale shall become void and null. In which subjects, 
with the tiends and pertinents, the said Shaws Water Joint Stock 
Company bind and oblige themselves and their successors, to in- 
feft and seise the said A B and C D, and their foresaids, on their 
own expenses, to be holden of and under the Shaws Water Joint 
Stock Company and their foresaids, as immediate, lawful superiors 
thereof, in feu, farm, and heritage, for ever, for payment of the 
feu'duty and additional feu-duty after specified, for the said Sub- 
jects, and also for payment of the annual duty after specified, 
for the foresaid privilege of the Water and Water-fall : WHICH 
Feu Contract and Ground hereby feued, with the use and pri- 
vilege of the said Water-foil and Water, but under the provisions, 
conditions, and declarations mentioned and contained in the said 
Regulations, tlie said Shaws Water Joint Stock Company bind and 
oblige themselves to the extent of the Stock of the said Company, to 
warrant to the said A B and C D, and their foresaids, at all hands. 
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it sends down tbe wiMUe supply fronr tlM f eservoir ; Mrhen (faese 
streams furnish a part, it aeada down the veoaining part, what- 
ever it may be ; and when these streams furnish the whole silp- 
ply, it shuts the reservoir entirely : so» thai tlie supply of water 
to the mills is always the same, whether the weatiier he: wet or 
dry. 

To accomplish this, the whole number of sluices (E €) placed 
on the aqueduct A B, are calculated so a» J4i8t to pass the whole 
quantity of water wanted at the mills ; and as more OD less wa-* 
ter is produced by these streams, a greater or lesser numtter of 
these sluices will opeft of shuili ; sor aS' tio keep the quantity alf 
the millS) uniformly the same* The number of these sluieeii will • 
be more or less as the case may require ; in this w^ suppose 
three, as being sufficient ta illustrate the principle* 

Let us suppose, then, the weather very dry ; the streams be- 
tween the reservoir and, the mills qoitedriedup ; and the sluices 
B C all open : rain comes, and these streams beginto floW : but 
the sam6 rains that swell these streams^ swell also the rivulet 
I K ; and by the time the first produce aquantUy equal to what 
one sluice (B C) can pass^ the last will have risen so as to* flow 
out at aperture 1, thence down pipe L M N into can D E ; which 
shuts sluice B C* When these streams increase, so aS to prodnCe 
as much water as two. of the sluices (B G) can pass, then the 
rivulet I K will ha;va swollen soas to flow out at aperture 2, 
and thence through P into a second can ; which shuts^ a second 
sluice : when they increase so as to produce a quantity equal to 
what three of the sluices (B C)^n pass, tb€fn the water in the 
rivulet I K» will have risen so as to flow out at aperture 3^ and 
thence through R into a third- can ; whiijh shuts a third sluice. 

Again i. suppose the weather to beeony^ fkir, and the streams 
begin to decrease; by the time they fall short a quantity equal 
to what one sluice (B C) can pass, the water in the rivulet I K 
will have falleir so as not. to flow out at aperture 3, and, of course*, 
one can will be empty, and one sluice open : by the time the 
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fall short a quantity equal to what two sluices can pass, the 
water in the rivulet I K will have fallen so as not to flow out at 
aperture 2, and a second can will have become empty, and a se- 
cond sluice open : when they shall have fallen short a quantity 
equal to what three sluices can pass, the water in the rivulet 
I K will have fallen so as not flow out at aperture 1, and a third 
can will have become empty, and a third sluice open, &c. &c. 

In this way the water may be regulated at pleasure ; and if a 
small reservoir were made near the works, to retain the water 
that fl'ows during the night, (or when the Mills are not at work), 
not a drop would be lost.* The- purpose, however, for which 
this apparatus was invented was different. Having occasion to 
cut an aqueduct round the bases of some hills, to collect water 
and convey it to a reservoir at a considerable distance, I found 
that to make the aqueduct large enough, to convey aU the water 
as it fell during floods, would be very expensive ; it therefore 
occurred to me, that if a part of the water could be detained 
during floods, and brought away gradually afterwards, a much 
smaller, and of course much less expensive, aqueduct would 
answer the purpose. I therefore made a small reservoir at a con- 
venient place ; and contrived these sluices, to shut during very 
heavy rains, and open again as they became lighter, which an- 
swered the purpose completely, and was the origin of all these 
weather sluices. 

THE DOUBLE WEATHER SLUICES^ FIGURE 9. 

This apparatuB^ is so far similar to th^ last described ; but it 
has a double operation, the sluices first opening, one after ano- 
ther, as the streams increase, until they reach a given height ; 

* The apparatus figure 6} will accomplish the same thiug without this small 
reservoir, but in most cases (particularly where the elevation of the reservoir 
above, and its. distance from> the works is great,) the expense would be muchr 
greater than ia this^ 
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all Courts to be held by their Superiors or their Bailies, upon 24 
hours' notice : And farther, the said A B and C D, for themselves, 
and as Partners foresaid, bind and oblige themselves, and the said 
Company of A B & Co., and their foresaids, to content and pay to 
the said Shaws Water Joint Stock Company, and their foresaids, 
the sum of L. sterling, yearly, as a rate or duty, or ground 

annual for the use of the foresaid Water-fall, and of tlie Water 
passing the same, for the purpose foresaid, and- that at two terms 
of the year, Whitsunday and Martinmas, by equal portions, com- 
mencing the first half-yearly payment, at for the half 
year preceding, and the next payment at thereafter ; 
and so to continue thereafter, with a fifth part further of each term's 
payment, in case of failure, and interest of each term's payment, 
from the time the same fiflls due till payment : And^it is hereby 
specially provided and declared, that" the said sum of L. yearly, 
shall in all time coming, be a reah burden on the^ said Subjects 
hereby feued, and on the Mills and other Buildings to lie erected 
thereon, and whole Machinery, great and small, to be placed there- 
in, and shall be secured thereon, in the same manner as the fore- 
said Feu Duty ; and these presents are accordingly granted under 
the real burden of the foresaid sum of L. payable half-yearly, 
commencing at the foresaid term, with interest and penalty as be- 
fore described, and all these burdens shall be engrossed in the 
infeftments to follow hereupon, and on the subsequent Charters, 
Conveyances, and Infeftments of the said Lands, under the pain of 
nullity, and these for all other exaction or demand which can be 
made forth of the premises by the said Shaws Water Joint Stock 
Company, and tlieir foresaids. Further, the said Shaws W^ater 
Joint Stock Company bind and oblige themselves, and the Stock 
of their said Company, to comply with and fulfil all those parts of 
the said Regulations incumbent on the said Company : and, in par- 
ticular, to appoint a proper person to take charge of the opening and 
shutting of the sluices, and to attend to the other matters specified 
in the Regulations— declaring that the Company shall not be liable 
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for damage or loss atising in conBeqaence of a failuro of the aupplj 
of Watery by ioevitable accident or the lilce, as more fully explained 
4n Article lOtb of tbe said Regulations : And the said A B and 
<^ D, and A B, & Co., bind and oblige themselves, and their fore- 
saids, to comply with and fulfill all those parts of the said Regula- 
tioDs incumbent on the Feuars and Occupiers of Mill-steads and 
Waterfalls, and in particular not to maka.use: of, or divert any of 
the said Water from the said Cut or Lead, ta the prejudice of the 
Mills below, or to deteriorate the quality. of the Water, as above 
specified. And both parties bind and oblige themselves^ and their 
foresaids, to fulfil and perform their respective parts of .the premises 
to each other, under the penalty of L.200 sterling, to be paid by 
the party failing, to the party observing, or willing to observe, attour 
performance : And they consent to the Registration hereof in the 
Books of Council and Session, 4>r others competent for preserva- 
tion ; and, if necessary, that, Letters of Horning, on six days' charge, 
and all other legal execution, may pass upon a. Decree to be inter- 
poned hereto, in form as effeirs : And thereto -constitute 

Procurators, &c., Attour, to the end that the said 
A B, and C D, and their foresaids, may be infeft and seised in (he 
Subjects before conveyed, the said Shaws Water Joint Stock Com- 
pany hereby desire and require you, and each 
of you, their Bailies in that part hereby specially constituted, that 
on sight hereof, ye pass to the Ground of the said Subjects, and 
there give and deliver to the said A B and C D, partners in trade, 
under the said firm, and their foresaids, heritable state and sasine, 
real, actual, and corporal possession of all and whole the foresaid 
lot of ground marked No. on the Plan before mentioned, con-, 
sisting of old Scots measure, or thereby, lying, as 
before specified, and here held as repeated, with the Tiends and 
Pertinents thereof, and the privilege of the Water-fall and use of 
the Water, for the purposes and under the Regulations before- 
mentioned, all as more particularly described before, and in the 

Regulations hereto appended, and here held as repeated, but under 

K 
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the burden of payment of the Feu Duty, additional Feu Duties, 
and other stipulations before specified, and also under the real 
burden of paying the foresaid sum of L. yearly, for the use 

of the Water, all which are hereby declared as real burdens, affect- 
ing the premises, and also secured on the Machinery to be erected 
in the said Mill, and the whole of the said burdens and others to 
be inserted in the lofeftment to follow hereupon, and all subse- 
quent Charters and Infeftments of the said Subjects, under the pain 
of nullity : And that ye give such infeftment by delivery to the 
said A B and C D, partners foresaid, or to their certain Attorney 
or Attornies, bearers hereof, in their names, earth and stone, of and 
upon the Ground of the said Subjects, a handful of grass and com 
for the said tiends, and all other symbols usual and requisite, and * 
this in no wise ye leave undone, for doing whereof the said Shaws 
Water Joint Stock Company hereby commit to you full power, by 
this their Precept of Sasine, directed to you for that effect. In 
Witness whereof, &c. 
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18,874,182 
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ia707,900 
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3,882,600 
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1,404,000 

702,000 

000,000 



TABLE II.— COMPENSATION RESERVOIR ON 
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TABLE III.— AUXILIARY RESERVOIR, NO. 3. 
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FROM MR. THOM TO SIR MICHAEL SHAW STEWART. 



RoAsay, Wth March^ 1829. 

To Sir Michael Shaw Stewart, 
Of Greenock and Blackhall, Baronet, M. P. 

S1R9— As you were of opinion that, in the preceding brief ac- 
count of the Shaws Water Scheme, too little had been said on the 
subject of filtration, as applicable to the supply of populous 
towns or cities with pure water, I now beg leave to offer the 
following additional observations in reference thereto :-— 

Filtration on a small scale has been long practised, and is of 
very easy accomplishment ; but all such attempts to render tur- 
bid water pure, on a plan sufficiently "extensive for the supply of 
large and populous cities, have hitherto failed. In some cases, in- 
deed, they appeared to succeed for a few days at first, by then 
producing a considerable quantity of pure water ; but afterwards 
this quantity, gradually and uniformly, grew less and less, till at 
length it ceased entirely, or very nearly so.- 



Let us see if we can discover the cause of such failures, by 
tracing the operations^ of nature. In doing this, I am aware, it is 
necessary to proceed with much care and attention : for, by over- 
looking a single step, we may lose the analogy, and only mimic 
what we mean to copy. 

It is generally said that springs are natural filters ; and that, 
as they continue to fiow perpetually, and uniformly the same, 
why should not also artificial filters ? In the first place, it may 
be doubted whether any springs do flow uniformly and perpetu- 
ally the same ; and in the next place— admitting them to do so-— 
have any of these artificial filters been truly copied from nature ? 
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Time at present will not permit a full development of my ideas 
on this subject ; but at my earliest convenience 1 shall do this^ 
and transmit you the result. In the mean time the following 
outline may be so far satisfactory. 

Let us suppose a well, sunk into a sand or gravel bank, sur- 
rounded by rising grounds, from which water percolates into this 
sand bank, and thence into the well. — If, in ihe course of perco« 
lating through the other extensive grounds, the water has become 
perfectlt/ pure before it reaches this sand bank, then, in as far as 
this sand bank is concerned, the spring will continue to flow 
uniformly and perpetually the same ; for, the water being quite 
pure hefiyre it enters th'e sand bank, no interuption can ever take 
place by any deposition from the water. But if the water is 
turbid when it enters this sand bank, then, the spring, or flow of 
water into the well, will gradually fall ofi^like the artificial filters : 
for, as the water in passing through the sand bank can only be 
rendered pure by leaving its impurities amongst the sand, these im^ 
purities will in time ^11 up aUthe interstices between the particles (f 
sand, and at last render the whole bank impervious to water ; and 
the same resuU wUlfoUow whether the sand bank be natural or arti* 
JiciaL It will very naturally be asked — ^if this is the case, how, 
then, can any springs flow uniformly and perpetually ? I have 
already said that it may be doubted whether any springs really 
do flow uniformly and perpetually the same ; but it is not neces- 
sary for our present purpose to enter minutely into this part of 
the question. It is easy to conceive that the grounds surround- 
ing the sand bank, through which the water percolates in its pro« 
gress to that bank, may be so extensive as, in the first instance, 
to have produced ten thousand times the quantity of pure water 
which can percolate through the sand bank into the well ; and 
that, therefore, until the filtering media in these grounds shall 
have been choked up by the lodgment of sediment, until they 
produce less than one-ten- thousandth- part of the quantity of pure 
water which they at first produced, the spring, or flow of water. 



into the well will'Contiime (he same : and therefore aU such spriiiga 
will generally beconsidered as flowing uniformly andperpetually : 
and for many ages, at least, they may, and really -wlU do «o. 

But let us see what extent of surface-^rainaffe wonldhe required 
to supply, by such means, a city with 200,000 inhabitants. — * 
Two cubic feet a. day of water for each inhabitant is a moderate 
allowance ; or, for the whole, one hundred and forty six millions 
(146,000,000) of cubic feet annually. Taking the quantity of 
rain which falls annually on such drainage at thirty inches ; and 
supposing one-fourth of this to enter the earth and form springs 
available for the supply of such city, — ihe extent of surface-<l rain- 
age thus necessary would be very JieaVly five thousand four hun- 
dred (5,400) imperial acres. But as one-fourtlioi the rain, fallin^^ 
upon the surface, is considerably above the average proportion 
availalfie from springs, we may safely, for the sake of round num- 
bers, assume such surface-drainage at not less than six thousand 
(6,000) imperial acres. Now, who would ever think of making 
an artificial filter of such extent ? It may be said that all the 
surface-drainage does not act as a filter : but it does all act so 
more or less. Turbid water, in flowing over a swarded surface, 
deposits part of its sediment amongst the grass : in passing slowly 
over rocks, through fissures, natural cess-pools, cavities, &c., it 
gradually parts with extraneous substances, am^ will ultimately 
become pure, although it should never pass through a bed of sand 
«r gravel. It is the vast esctent of surface, together tviih the daw 
motion and small quantiti/ of the tvaier passing &oer it, vjhick, in such 
cases, renders the noater pure, and enables the springs tojhwjbr an 
indefinite length of time xmthout sensible diminution. 

But have any artificial filters been copied, or are they capable 
of being copied, from nature, upon such an extensive plan ? No. 
The immense extent, and consequent expense, renders the thing 
impracticable. Indeed those hitherto constructing filters, would 
appear to have proceeded upon the supposition that, in springs 
or natural filters, the water continues in a turbid state, till ic 
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coities into contaei wilh a body of sand or gravel which renders 
it pure. Now 9 as such sand or gravel could only render tarfoid 
water pure^ by the detention of all its extraneous matter, it fol- 
lowed, of consequence, that such filter might succeed for a time ; 
but that, as the interaticea between the particles of sand or gravel 
became gradually less and less, by the detention of such matter, 
so the flow of pore water through these interstices would of neces- 
sity lessen in proportion, till it ceased entirely. Nor is this 
effect confined merely to artificial filters : toherever turbid toater 
comes into contact toith sand or gravel ; and is rendered pure by merdy 
passings for afow foet or yards^ through such a medium^ the same 
effect must folUmf txhether the water percolates into a weU, through a 
natural bank of sand or gravel so situated^ or through an artificialjlker* 
This I have sometimes observed in the case of wells, which, on 
being first opened, produced a considerable quantity of pure 
water, but soon afterwards fell off by degrees, till at last they 
ceased entirely. A very satisfactory proof of this has also been 
afforded lately, in the case of the wells sunk at Dal mamock 'some 
time ago, for supplying the city of Glasgow with pure water 
At first artificial filters were erected there, by an eminent Engi- 
neer, to render the waters of the €lyde fit for that purpose, but 
they failed : the same thing was afterwards attempted, on a dif-- 
ferent plan, by others ; but with no better success. At length 
the late Mr Watt visited these works, and advised the sinking 
of wells into an extensive sand bank, nearly surrounded by the 
river. This was done accordingly ; and for some time produced 
a supply of excellent water ; but this supply gradually fell off;, 
and in a few years so mucbso, that water to supply the deficiency 
had to be taken direct from the river. 

In the course of last summer, I inspected these works, and ad- 
vised an extension of the wells or tunnels along the margin of 
the sand bank, near the river, as originally proposed by Mr. 
Watt. This has been done, and the supply of pure water has 

increased accordingly. But there can be no doubt that, in a 

L 






86 

fewjeara, the Sj[\ppl)& ^^1 again fall off, b^ the lodgement of 
sediment between the particles of the sand ; and that somfe other 
plan must ultimately be adopted for continuing a full supply of 
pure water. 

What, then, is to be done ? Since we cannot in this case exactly 
copy nature, is there no contrivance by which we may obviate 
the difficulty and remove the defect ? The solution of this pro- 
blem has long occupied my attention. Finding that the grosser 
particles of extraneous matter were uniformly lodged near the 
surface, or where the turbid water first came into contact 
with the sand, I first tried the effect of stirring or harrow- 
ing i3p the surface; which succeeded for a time; but as might 
have been foreseen, the cure was not permanent : for, by this 
means the sediment was only lodged farther down, till at 
last there was no remedy but a total removal and renewal of Xhe 
sand. X next tried frequent removal and renewal of a small quan- 
tity of the sand near the surface, which succeeded better ; but 
Still it was troublesome, expensive, and incomplete. Various 
other contrivances were resorted to : but which, as they gene- 
rally failed, it is needless to enumerate. At length it occur- 
red to me to attempt the formation of a self-cleaning filter ; 
.which on a small scale was soon accomplished ; and the result 
of every experiment, unceasingly made with it for several years, 
was uniformly successful. And as this appeared to me to 
be one of the few contrivances which must, from the nature of 
its construction, succeed on a large as well as on a small 
scale, I ventured to construct the filters for Greenock on the 
saipe principle ; and you are aware that here also the result has 
been equally satisfactory. 

. ^ I cannot now enter into a particular or detailed account of 
the construction of these filters ; but shall do so, and forward 
it with a plan, at my earliest convenience. In the mean time 
I may state that the water is made to pass through a body of 
very fine, clean, sharp sand, of about five feet deep ; and that 
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the water is, by a very simple contrivauce, made to enter either 
at the top and percolate downwards, or at the bottom and per- 
colate upwards, as we please : — and when, in filtering^, it perco- 
lates downwards, then, whenever the quantity of pure water 
falls short, by the lodgement of sediment amongst the sand, the 
water is made to enter for a little at the bottom ; and, passing 
upwards with considerable force^ carries the sediment out at and 
over the top, into a waste-drain made to receive it. In a few 
minutes the sediment is thus removed ; and then the water being 
again made to enter at the top, the filter goes on as before, 
producing the full quantity of pure water. In the same way, 
if the water usually percolates upwards in filtering, the sedi- 
ment is removed by making the water, for a few minutes, enter 
at the top, and carry the sediment downwards into the waste- 
draiiu 

To say that these filters must continue for ever to produce 
the same quantity of pure water, would be going too far ; but, 
from the experience we have had, there appears no reason to 
doubt of their continuing to do so for a very long time. 

You are also aware that the 'medium, through which the water 
percolates, has been so composed as to remove the colouring 
matter of moss water, and similar impurities, dissolved in the 
water; and that, in this respect, we have also completely. suc- 
ceeded. But as the substance used for this purpose is rather 
expensive, and must in time become saturated, and require to be 
removed and replaced, great care has been taken to prevent, as 
far as practicable, the entrance of any such water into the filters. 

If the above statements and reasonings shall prove cor- 
rect, then.it follows — That no filter without the means of 
removing the extraneous matter lodged in it by the water, can, 
for any considerable length of time, continue to produce an 
equal and uniform supply of pure water. By making, indeed, 
the surface of the filter of great extent — that is, the surface of 
the sand or gravel with which the turbid water comes first into 
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eoiitact'««-aBd also making; the body of the sand of g^al depth ; 
beginning with gravel or coarse sand at said surface, and gra- 
dsally making it finer and finer as it approaches the well for 
veceiTing the pure water— by snch means, indeed, we may con- 
struct a filter which will continue to produce pure water for a 
proportionably longer time ; but still, unless the construction 
be such as to admit of the removal of the extraneous matter 
left by the water, it must tdtimatdy cease to operate. 

With regard to the cost of such filters, much will depend 
upon the localities, viz. r Upon the quality of the water previ- 
ous to filtration : whether the site on which the filters are to be 
placed is favourable or unfavourable for that purpose ; and whe- 
ther materials for forming them are at hand, or have to be car- 
ried from a great distance. In some situations the construction 
of the filters will cost twice as much as in other situations ; and 
the same filters will, if supplied from some rivers, produce twice 
as much pure water, as they will if supplied from other rivers. 

In favourable situations these self-cleaning filters may be 
formed capable of supplying a population of 25,000 inhabitants, 
allowing each two cubic feet a day, for L.300. At the same 
rate the cost for supplying a population of 100,000 souls will be 
L.1200; for supplying 200,000 the cost will beL.2400; and 
for a city with 1,200,000 inhabitants the cost will be L.14,000. 
But there may be situations which would cost twice these sums 
respectively* and even more» 

r have the honour to be, 
Sir, 
Your most obedient and obliged humble servant, 

ROBT. THOM, 
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